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Notice 


I 

This  report  has  been  prepared  for  the  Air  Force  by  CH2M  HILL  for  the  purpose  of  aiding  in  the 
implementation  of  a  ^al  remedial  action  plan  under  the  Air  Force  Installation  Restoration  Program 
(IRP).  Because  the  report  relates  to  actual  or  possible  releases  of  potentially  hazardous  substances,  its 
release  prior  to  an  Air  Force  final  decision  on  remedial  action  may  be  in  the  public’s  interest.  The  limited 
objeaives  of  this  report  and  the  ongoing  nature  of  the  IRP,  along  with  the  evolving  knowledge  of  site 
conditions  and  chemical  effects  on  the  environment  and  health,  must  be  considered  when  evaluating  this 
report,  since  subsequent  facts  may  become  known  that  may  make  this  report  premature  or  inaccurate. 

Acceptance  of  this  report  in  performance  of  the  contract  under  which  it  is  prepared  does  not  mean  that 
the  Air  Force  adopts  the  conclusions,  recommendations,  or  other  views  expressed  herein,  which  are  those 
of  the  contractor  only  and  do  not  necessarily  reflect  the  official  position  of  the  Air  Force. 
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TECHNICAL  MEMORANDUM  J 


OQUHILL 


PREPARED  FOR:  McClellan  Air  Force  Base 


DATE:  May  12,  1994 

SUBJECT:  Groundwater  Model  Development 

Groundwater  OU  RI/FS  Report 
Delivery  Order  No.  5066 

PROJECT:  SAC28722.66.GW 


As  a  convenience  to  the  reader,  ail  oversize  J^res  (IT  x  17”  or  larger) 
have  been  located  at  the  end  of  the  appendix. 


Introduction 

This  technical  memorandum  describes  the  construction,  calibration,  and  application  of 
the  groundwater  flow  model  developed  to  evaluate  remedial  action  alternatives  at 
McClellan  Air  Force  Base  (McClellan  AFB).  The  objectives  of  the  modeling  effort 
and  the  uncertainties  and  limitations  of  using  a  numerical  model  to  simulate  a  com¬ 
plex  physical  system  are  also  discussed. 


Modeling  Objectives 

A  numerical  groundwater  flow  model  was  developed  as  an  analytical  tool  to  assist  in 
the  development  of  extraction  well  networks  to  contain  and  remediate  contaminated 
groundwater  at  McClellan  AFB.  The  specific  objectives  of  the  modeling  effort  are  as 
follows: 

•  Evaluate  the  total  extraction  rate  required  to  contain  various  target 
volumes  of  contaminated  groundwater 

•  Demonstrate  that  groundwater  contaiiunent  is  a  viable  remedial  alterna¬ 
tive  for  contaminated  groundwater  at  McQellan  AFB 

•  Estimate  the  response  of  the  groundwater  system  to  potential  remedial 
actions 

Additional  questions  that  were  addressed  during  the  course  of  the  modeling  effort 
include: 
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•  The  quantity  of  extracted  groundwater  requiring  treatment 

•  The  impact  of  end-use  injection  on  the  containment  system 

Numerical  modeling  was  chosen  as  the  appropriate  tool  for  this  task  because  it  has 
the  capability  to  represent  multidimensional  flow  in  a  heterogeneous  system  with  less 
conceptual  idealization  than  is  required  by  other  anal3ftical  techniques.  However,  it 
was  recognized  from  the  outset  that  there  will  always  be  some  uncertainty  in  the 
hydrogeologic  understanding  of  the  site  and  that  the  modeling  analysis  can  only  pro¬ 
vide  approximate  answers  to  the  items  previously  discussed.  The  process  of  develop¬ 
ing  a  numerical  model  of  a  complex  physical  system  requires  that  simplifying  assump¬ 
tions  be  made  to  reflect  the  uncertainties  in  the  definition  of  the  site  characteristics. 
Site  characteristics  that  are  routinely  simplified  for  the  purpose  of  numerical  analysis 
are  the  spatial  variability  of  aquifer  properties,  the  spatial  distribution  of  contamina¬ 
tion,  and  the  temporal  variation  in  recharge  and  groundwater  pumping. 

The  use  of  a  groundwater  flow  model  to  develop  extraction  network  designs  neces¬ 
sarily  makes  the  resulting  extraction  networks  subject  to  these  same  uncertainties.  At 
McClellan  AFB,  the  most  significant  uncertainties  in  the  site  characteristics  used  to 
construct  the  groundwater  model  include; 

•  The  geometry  of  the  monitoring  zones  undergoing  remediation 

•  The  spatial  distribution  of  aquifer  properties  across  the  site 

•  The  spatial  distribution  of  contamination 

•  Future  hydrologic  conditions  that  may  alter  the  effectiveness  of  the 
extraction  system 

This  technical  memorandum  provides  a  summary  of  the  numerical  modeling  proce¬ 
dures  and  results  as  they  pertain  to  the  previously  listed  objectives. 


Site  Conceptual  Model  and  Model  Construction 

The  first  step  in  the  analytical  process  is  to  identify  the  essential  features  of  the  site 
hydrologic  system  that  must  be  included  in  the  conceptual  model  and  to  determine 
how  the  essential  features  can  be  represented  in  the  numerical  analysis.  This  proce¬ 
dure  results  in  the  development  of  a  site  conceptual  model,  which  then  forms  the 
framework  for  construction  of  the  numerical  model.  This  section  discusses  the  char¬ 
acteristics  of  the  model  code,  essential  quantitative  aspects  of  the  conceptual  model 
that  were  included  in  the  numerical  model,  and  the  procedures  used  to  construct  the 
numerical  model.  For  further  detail  regarding  the  complete  site  conceptual  model, 
refer  to  Chapter  4  of  the  RI/FS  Report. 
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Groundwater  Model  Code  Description  and  Selection 


The  groundwater  flow  model  prepared  for  this  project  is  a  multilayer  finite  element 
model  that  can  be  run  as  a  steady-state  or  transient  system.  The  code  for  the  model 
is  Micro-Fern,  an  integrated  groundwater  modeling  package  developed  in  the 
Netherlands  (Hemker,  1988).  Micro-Fern  runs  on  any  PC  with  EGA  or  VGA 
graphics.  The  present  version  handles  up  to  16  aquifers  and  a  maximum  number  of 
nodes  between  1,000  and  4,000  on  a  PC  with  590  Kb  user-available  RAM,  depending 
on  the  number  of  layers  in  the  simulated  system.  When  extended  memory  is  available 
on  80386-  or  80486-based  microcomputers,  models  up  to  12,500  nodes  (25,000 
elements)  can  be  designed.  The  package  consists  of  several  programs:  two  finite 
element  mesh  generators,  a  calculation  module  for  steady-state  flow  and  one  for  tran¬ 
sient  flow,  a  combined  pre-  and  postprocessor  called  FeModel,  a  three-dimensional 
particle  tracking  program  and  some  additional  utilities.  It  is  capable  of  modeling 
saturated,  single-density  groundwater  flow  in  layered  systems.  Horizontal  flow  is 
considered  in  each  layer,  as  is  vertical  flow  between  adjacent  layers.  A  layered 
aquifer  or  different  aquifers  in  a  multiple-aquifer  system  can  be  modeled  in  this  way. 

The  mesh  generation  routine  is  described  in  Lo,  1985.  The  band-width  reduction 
technique  is  based  on  the  approach  of  Gibbs  et.  al.,  1976. 

Programs  called  FemCalc  (steady-state)  and  FemCat  (trar  ’“-nt)  perform  the  calcula¬ 
tions  for  solving  the  flow  equations  by  means  of  a  finite  element  technique  with  linear 
basis  functions  for  the  horizontal  flow  components  and  through  a  finite-  difference 
scheme  for  the  flow  between  adjacent  layers.  The  system  of  equations  is  solved 
iteratively,  using  the  method  of  successive  over-relaxation  (SOR)  with  automatic 
adjustment  of  the  relaxation  factor.  The  progress  of  calculations  is  shown  on  the 
screen  by  head  improvements  and  residual  water  balance  errors.  The  automatic 
stopping  criterion  can  be  overruled  by  the  user. 

The  Micro-Fern  model  was  chosen  for  use  at  McQellan  AFB  for  several  reasons 
outlined  below: 

•  The  finite  element  approach  allowed  the  construction  of  a  model  grid 
that  covered  100  square  miles  while  maintaining  node  spacings  as  small 
as  75  feet  in  areas  where  groundwater  extraction  is  simulated. 

•  Micro-Fern  includes  a  three  dimensional  particle  tracking  utility  that  is 
ideal  to  evaluate  capture  in  the  stratified  aquifer  system  at  McClellan 

•  The  graphical  user  interface  allows  rapid  assignment  of  aquifer  parame¬ 
ters  to  model  nodes,  and  aUows  proofing  of  assigned  values  by  graphical 
means 
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Finite  Element  Mesh  Delineation  and  Boundary  Conditions 
Model  Grid 

The  numerical  model  developed  for  McClellan  AFB  was  developed  in  accordance 
with  the  site  conceptual  model  discussed  in  Chapter  4  of  the  RI^  report.  The 
Micro-Fern  groundwater  model  was  constructed  as  a  four-layer  model  using  a  com¬ 
putational  finite  element  mesh  of  11,510  nodes  and  22,894  elements.  Figure  J-1 
shows  the  general  layout  of  the  model  grid  which  consists  of  a  central  area  of 
extremely  fine  node  spacing  (75  ft)  that  transitions  out  to  the  model  boundaries  with 
constantly  increasing  node  spacing.  The  total  modeled  area  is  approximately  100  mi^, 
centered  on  McCleUan  AFB.  The  node  spacing  ranges  fi’om  75  to  2,000  feet,  with 
smaller  elements  constructed  in  areas  of  observed  contamination.  High  node  density 
in  areas  of  suspected  and  confirmed  contamination  allows  improved  definition  c 
spatial  hydraulic  head  distribution  created  by  extraction  well  pumping.  Along  ^ 

improved  definition  in  the  hydraulic  head  field  comes  more  reliable  particle  trackn.^ 
analysis  and  better  estimation  of  the  extent  of  capture  for  a  particular  extraction 
wellfield. 

Boundary  Conditions 

Boundary  conditions  define  the  interactions  between  heads  located  within  the 
modeled  area  and  groundwater  conditions  outside  the  model  area.  The  boundary 
condition  on  the  lateral  boundaries  are  fixed  head  boundaries  in  aU  four  layers, 
assigned  based  on  observed  regional  1992  groundwater  levels  compiled  by 
Sacramento  County  (Figure  J-2).  These  boundary  conditions  account  for  the  influence 
of  regional  groundwater  conditions  on  the  modeled  area.  The  upper  boundary  is  a 
prescribed  flux  boundary,  with  a  specified  recharge  rate.  At  model  nodes  represent¬ 
ing  A-zone  extraction  wells,  the  recharge  rate  applied  to  the  ground  surface  is 
subtracted  from  the  extraction  rate  of  the  weU.  The  lower  boundary  for  this  model  is 
assigned  as  a  no-flow  boundary,  corresponding  to  the  base  of  the  Mherten  Formation 
which  represents  the  base  of  the  water  bearing  sediments  in  the  lower  Sacramento 
Valley. 

Conceptual  Model  Description  and  Parameter  Selection 

The  essential  features  of  the  hydrologic  system  at  McQellan  AFB  included  in  the 
numerical  model  are: 

•  Monitoring  Zone  A 

•  Monitoring  Zone  B 

•  Monitoring  Zone  C 

•  The  Regional  Aquifer 

•  Base  Extraction  and  Supply  Wells 

•  Existing  Base  extraction  wells 
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•  Regional  Groundwater  Production 

•  Recharge  of  Precipitation  to  the  Groundwater  System 

A  description  of  how  each  of  the  conceptual  model  components  was  incorporated 
into  the  numerical  groundwater  model  is  provided  below. 

Monitoring  Zone  A 

The  A  monitoring  zone  is  defined  in  the  numerical  model  to  be  consistent  with  the 
characteristics  discussed  in  Chapter  4.  The  aquifer  was  simulated  as  an  unconfined 
aquifer  with  the  transmissivity  distribution  shown  in  Figure  J-3.  These  values  are 
based  on  the  results  of  aquifer  testing  presented  in  the  PGOURI  and  summarized  in 
Tables  J-1  and  J-2.  This  transmissivity  distribution  was  digitized  as  shown,  gridded 
using  the  Golden  Software  SURFER  computer  program  to  create  a  100  by  100  data 
field,  and  imported  into  Micro-Fern.  The  transmissivity  value  at  each  grid  point  was 
assigned  to  the  nearest  Micro-Fern  node,  and  data  values  were  averaged  if  more  than 
one  data  point  was  assigned  to  an  individual  model  node.  A  linear  interpolation 
scheme  included  within  Micro-Fern  was  then  used  to  assign  transmissivity  values  to 
any  remaining  model  nodes  without  an  associated  transmissivity  value.  This  gridding 
routine  was  only  performed  at  locations  on,  and  in  the  vicinity  of  McClellan  AFB 
where  transmissivity  estimates  were  avaUable  from  pumping  tests.  At  areas  distant 
fi^om  McQellan,  an  average  transmissivity  value  for  the  zone  was  assumed  to  extend 
to  the  model  boundaries.  The  vertical  leakance  between  layers  was  assigned  based  on 
the  local  transmissivity  estimate  at  each  node  and  the  layer  thicknesses  at  that  partic¬ 
ular  location.  The  layer  thicknesses  used  in  the  simulations  were  calculated  based  on 
the  structural  contour  maps  for  the  base  elevations  for  each  zone  presented  in  the 
PGOURI  (Section  3,  Figures  3-29  through  3-31). 

The  bottom  elevation  and  groimdwater  levels  in  Monitoring  Zone  A  are  extremely 
critical  to  the  development  of  the  A-zone  extraction  well  alternatives.  This  is  due  to 
the  fact  that  portions  of  the  A-zone  west  of  the  nmway  have  a  limited  saturated 
thickness,  and  wells  completed  in  the  A-zone  will  produce  little  water.  Containment 
of  contaminated  groundwater  in  these  areas  will  require  a  greater  density  of  extrac¬ 
tion  weUs  because  of  the  limited  pumping  capacity  of  each  individual  well.  The  thick¬ 
ness  of  the  A-zone  was  determined  by  subtracting  the  elevations  of  the  base  of  the  A- 
zone  fi'om  the  1993  A-zone  groundwater  elevations  (Figure  4-35).  A  more  detailed 
mathematical  description  of  the  calculation  of  vertical  leakance  values  is  presented 
below. 
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Table  J-2 

siy  of  Maltiple  Well  Aqaifer  TesUi 

r  1 

Tranamlaalvttjr 

(ipd/il) 

Stonge  Coeflklent  | 

OU 

Contractor 

Monitoilng 

Zone 

Range 

Avenge 

Range 

Average 

D 

CH2M  HILL 

A 

17,300  to  28,600 

16300 

O.OxlO"^  to  8.2i[10'^ 

N/A 

D 

CH2M  HILL 

B 

23)0  to  19300 

8300 

3x10-^  to  l.lxlO'^ 

8x10-^ 

D 

McLaren 

A/B 

7,000  to  19,000 

N/A 

3x10-*  to  9.1x10-3 

N/A 

C 

Radian  (1986) 

A/B 

7,700  to  8,600 

8,000 

1.3x10-^  to  6.2x10-^ 

3x10“* 

C 

Radian  (1986) 

C 

7,600  to  13,000 

12,000 

1.6x10-^  to  8.7x10-3 

1.6x10-^ 

C 

Radian  (1990) 

A/B 

3,700  to  6,900 

6,300 

3.7x10-^  to  1.3x10-^ 

2.6x10-* 

C 

Radian  (1991) 

C 

4,130  to  3,100 

4,600 

1x10-^  to  8X10-^ 

4.3x10-^ 

C 

Radian  (1990) 

B 

9,700  to  10,100 

9,900 

7.3x10-^  to  8.8x10-^ 

8.1x10-* 

C 

Radian  (1990) 

C 

10,800  to  12,100 

11,000 

2.3xl0‘*  to  2.3x10-3 

1.3x10-3 

C 

EG&G  Idaho 

A 

3,000  to  10,000 

6,300 

3x10-^ 

3x10-* 

Note: 

N/A  =  InfonDatioo  not  available. 

Sources; 

Transmissivity  and  Storage  Coe£Gcient  Estimates;  (Preliminaiy  GW  OU  RI  Table  3-9)  Radian,  1992 

CH2M  HILL  Aquifer  Test  Data  and  Interpretation:  (CH2M  HILL,  1984) 

Radian  Aquifer  Test  Data  and  Interpretation:  (Preliminaiy  GW  OU  RI-Appendix  E,  Radian,  1992) 

EC&G  and  McLaren  Aquifer  Test  Data  Not  Independently  Evaluated 

Monitoring  Zone  B 

Monitoring  zone  B  was  simulated  as  a  confined,  leaky,  aquifer.  The  transmissivity  dis¬ 
tribution  used  in  the  modeling  simulations  for  monitoring  zone  B  are  presented  in 
Figure  J-4.  The  information  contained  on  this  figure  was  digitized,  gridded,  and 
assigned  to  model  nodes  using  the  methodolo^  described  above  for  the  A-zone. 
Vertical  leakance  values  were  also  determined  in  a  similar  manner.  The  thickness  of 
the  B-zone  was  calculated  by  subtracting  the  base  elevation  of  the  B-zone  presented 
in  the  PGOURI  (Section  3,  Figure  3-30)  firom  the  base  elevations  of  the  A-zone 
presented  in  the  same  document. 

Monitoring  Zone  C 

Monitoring  zone  C  was  simulated  as  a  confined,  leaky,  aquifer.  The  transmissivity 
distribution  used  in  the  modeling  simulations  for  monitoring  zone  C  are  presented  in 
Figure  J-S.  The  information  contained  on  this  figure  was  digitized,  gridded,  and 
assigned  to  model  nodes  using  the  methodology  described  above  for  the  A-zone. 
Vertical  leakance  values  were  also  determined  in  a  similar  manner.  The  thickness  of 
the  C-zone  was  calculated  by  subtracting  the  base  elevation  of  the  C-zone  presented 
in  the  PGOURI  (Section  3,  Figure  3-31)  from  the  base  elevations  of  the  B-zone 
presented  in  the  same  document. 
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Regional  Aquifer 


The  regional  aquifer  was  modeled  as  a  confined,  leaky  aquifer  system.  The  main 
source  of  information  regarding  the  aquifer  properties  of  the  regional  aquifer  was  the 
regional  groundwater  model  developed  for  this  area  by  S.S.  Papadopolus  in  1987. 
AFORTRAN  computer  program  was  developed  to  read  the  Papadopulos  model  input 
files  and  extract  the  hydraulic  parameters  needed  for  Micro-Fern.  The  regional 
aquifer,  as  defined  here,  represents  the  entire  aquifer  thickness  in  the  Sacramento 
area  from  the  water  table  to  the  base  of  the  water  bearing  aquifer  (defined  as  the 
base  of  the  Mherten  formation).  The  upper  three  layers  of  the  groundwater  model 
(the  A,B,  and  C  Monitoring  Zones)  do  extend  to  the  model  boundaries,  but  their  low 
transmissivities  are  overwhelmed  by  the  transmissivity  of  the  regional  aquifer,  and 
they  do  not  significantly  impact  groundwater  flow.  The  vertical  leakance  between  the 
C-zone  and  the  regional  aquifer  was  calculated  using  a  method  identical  to  that 
described  above.  Due  to  the  great  thickness  of  the  regional  aquifer  compared  to 
monitoring  zone  C,  the  hydraulic  conductivity  of  the  regional  aquifer  dominated  this 
leakance  calculation.  The  assumed  hydraulic  conductivity  distribution  of  the  regional 
aquifer  is  presented  in  Figure  J-6.  The  assumed  thickness  distribution  of  the  regional 
aquifer  was  also  obtained  from  the  Papadopulos  model. 

Vertical  Leakance 

The  conceptual  model  of  groundwater  flow  includes  leakage  upward  and  downward. 
This  was  incorporated  by  specifying  a  leakage  term  between  layers.  Value  of  this 
parameter  is  a  function  of  the  conductance  of  each  layer,  which  is  a  function  of  aver¬ 
age  vertical  hydraulic  conductivity  between  layers  and  the  thickness  of  the  layers. 

The  vertical  leakance  was  computed  with  the  help  of  the  MicroFem  computing  cap¬ 
abilities  using  the  following  equation: 

VC  =  (1) 


where: 

VC  =  the  vertical  conductance  between  Layer  1  and  Layer  2 

dj  =  the  thickness  of  Layer  1 

=  the  vertical  hydraulic  conductivity  of  Layer  1 
=  the  thickness  of  Layer  2 
k^  =  the  vertical  hydraulic  conductivity  of  Layer  2 

The  value  of  the  vertical  hydraulic  conductivity  (kj  was  assumed  to  be  10  percent  of 
horizontal  hydraulic  conductivity  to  satisfy  an  anisotropy  ratio  of  1  to  10. 
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Regional  Production  Wells 


The  regional  groundwater  production  data  were  included  in  the  calibrated  S.S. 
Papadopolus  model  and  these  were  directly  imported  into  the  Micro-Fern  model. 
Comparison  of  the  distribution  of  regional  groundwater  production  included  in  the 
Papadopuos  model  with  the  information  presented  in  Appendix  N  indicate  that  all  of 
the  major  pumping  wells  in  the  vicinity  of  the  Base  were  incorporated  in  the 
Papadopulos  data  set  (See  Appendix  N  for  the  locations  of  these  pumping  centers). 

Base  Extraction  and  Supply  Wells 

Base  well  pumping  for  BW-10,  BW-18,  and  BW-29  was  included  in  the  groundwater 
model  based  on  average  annual  pumping  rates  for  1992  obtained  from  the  Metcalf  & 
Eddy  Quarterly  Monitoring  Reports.  The  assumed  pumping  rates  for  the  operating 
Base  wells  was  270  gpm,  975  gpm,  and  375  gpm  for  Base  wells  BW-10,  BW-18,  and 
BW-29  respectively.  Existing  Base  extraction  well  pumping  was  also  included  in  the 
model,  using  average  pumping  rates  for  1992,  based  on  Radian  Quarterly  Production 
Well  Data  for  McClellan  AFB.  Table  J-3  presents  the  assumed  average  pumping 
rates  for  the  Base  extraction  wells  at  McClellan. 


Table  J-3 

Sumniary  of  Existing  Groundwater  Extraction 

McClellan  AFB 

WeU  Name 

OU  Location 

Monitoring  Zone 

Avg  Pumping  Rate 
(1992)-  gpm 

EW-73 

OUD 

A/B 

20.5 

EW-83 

OUD 

A/B 

6.1 

EW-84 

OU  D 

A/B 

6.5 

EW-85 

OU  D 

A/B 

11.7 

EW-86 

OUD 

A/B 

12.2 

EW-87 

OUD 

A/B 

12.3 

EW-137 

OU  C 

B 

7.7 

EW-140 

OU  C 

B 

25.4 

EW-141 

OUC 

C 

17.2 

EW-144 

OU  C 

B 

19.2 

EW-233 

OU  B 

A 

5.2 

EW-2.34 

OU  B 

A 

1.6 

1  EW-246 

OUB 

A 

N/A 

1  EW-63 

OUB 

B 

N/A 

1  EW-247 

OUB 

C 

N/A 

Notes: 

N/A  -  Information  not  available 
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Recharge  of  Precipitation 


The  actual  recharge  of  precipitation  to  the  groundwater  system  varies  spatially  bzised 
on  land  use,  drainage  patterns,  and  urbanization.  The  initial  assumption  used  in  the 
groundwater  model  was  a  uniform  distribution  of  recharge  of  2.5  inches  per  year. 
This  values  represents  approximately  15  percent  of  the  annual  rainfall  at  McClellan 
AFB.  This  values  was  adjusted  by  +/-  25  percent  to  improve  the  accuracy  of  the 
calibration. 


Calibration  and  Sensitivity  Analysis 

Model  calibration  is  an  interactive  process  in  which  certain  model  parameters  are 
adjusted  to  produce  predicted  grovmdwater  elevations  that  closely  match  observed 
conditions.  Usually,  the  parameters  adjusted  are  those  that  have  not  been  accurately 
measured  in  the  field  and  that  can  have  a  strong  influence  on  the  simulation  results. 
The  objective  of  the  calibration  process  was  to  achieve  a  nm  that  produced  simulated 
water  levels  that  closely  matched  the  calibration  head  target.  The  results  of  the  cali¬ 
bration  process  for  the  McClellan  model  suggest  that  minor  adjustments  of  the 
recharge  rate  were  sufficient  to  achieve  agreement  between  the  simulated  heads  in 
the  upper  three  aquifers  at  the  site  and  the  observed  water  levels  in  site  monitoring 
wells.  Slightly  higher  recharge  rates  (up  to  25%)  were  necessary  in  the  northern 
portions  of  the  Base  and  slightly  lower  values  (up  to  25%)  were  necessary  in  the 
southern  portions  of  the  Base.  Calibration  was  quite  accurate  in  the  central  portions 
of  the  Base  using  the  initially  assigned  value.  These  results  are  consistent  with  the 
presence  of  open  space  in  the  northern  portions  of  the  Base  allowing  recharge,  and 
the  relatively  heavy  urbanization  in  the  southern  portions  of  the  Base  preventing  it.  It 
is  acknowledged  that  this  is  not  a  unique  solution  to  matching  observed  water  levels, 
and  that  other  parameters  could  be  adjusted  to  obtain  similar  results.  Regional 
aquifer  parameters  were  obtained  firom  a  previously  calibrated  numerical  model,  so 
they  were  not  considered  a  calibration  parameter. 

Water  Level  Calibration 

The  following  criteria  were  used  for  calibration: 

•  The  model  should  yield  the  same  water  level  distribution  configuration 
observed  at  the  site. 

•  The  model  should  accurately  predict  the  cone  of  depression  at  known 
pumping  well  locations 

•  The  model  should  accurately  predict  the  overall  gradient  within  the 
model  domain. 
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Calibration  Summary 


This  section  summarizes  the  results  of  the  calibration  process  for  the  groundwater 
model  used  to  evaluate  remedial  options  at  McClellan  AFB.  All  of  the  methods  used 
to  quantify  the  state  of  calibration  of  the  model  rely  on  some  form  of  comparison 
between  simulated  groundwater  levels  and  the  water  levels  meeisured  in  monitoring 
wells  in  January  1993.  The  data  set  used  for  these  comparisons  is  the  water  levels 
measured  in  194  monitoring  wells  across  the  site;  97  A-zone  wells,  63  B-Zone  wells, 
and  34  C-zone  wells.  Wells  with  screens  in  the  transition  between  zones  were 
assigned  to  the  higher  aquifer  for  the  purposes  of  data  comparison.  Extraction  wells 
were  omitted  from  this  comparison  as  the  well  efficiency  of  each  extraction  well  will 
influence  the  measured  groundwater  levels  in  the  well,  while  the  simulated  water 
levels  reflect  an  assumed  100  percent  well  efficiency. 

Table  J'4  presents  the  simulated  and  actual  water  level  for  all  of  the  calibration  wells 
at  the  site,  along  with  the  magnitude  of  the  residuals.  The  average  residual  between 
the  simulated  and  actual  water  levels  is  1.2  feet.  Figure  J-7  presents  this  same  infor¬ 
mation  in  graphical  form.  An  perfect  match  between  simulated  and  observed  values 
would  generate  a  line  with  a  slope  of  1.0  as  indicated  on  the  figure.  The  best  fit  line 
through  the  data  set  is  also  presented  on  this  figure  for  comparison.  This  comparison 
indicates  that  in  the  lowest  water  level  ranges  (i.e.,  the  southern  part  of  the  Base),  the 
model  predicts  slightly  higher  water  levels  than  those  observed.  In  the  higher  water 
level  ranges  (the  northern  portions  of  the  Base)  the  model  predicts  slightly  lower 
water  levels  than  those  observed. 

Another  way  of  quantifying  the  error  between  the  simulated  and  observed  water 
levels  is  through  the  used  of  a  histogram  analysis  of  the  water  level  residuals.  The 
results  of  this  analysis  are  summarized  in  Figure  J-8  and  Table  J-5.  This  evaluation 
indicates  that  at  78  percent  of  the  wells,  simulated  water  levels  are  within  two  feet  of 
actuals,  and  in  98  percent  of  the  wells,  simulated  water  levels  are  within  four  feet  of 
the  observed.  The  final  three  weUs  have  simulated  water  levels  that  are  within  four 
to  six  feet  of  the  observed. 

A  final  presentation  method  of  the  state  of  calibration  is  to  compare  the  simulated 
groundwater  contours  with  the  measured  water  levels.  Figures  J-9  through  J-11  show 
these  comparisons  for  the  A-zone,  B-zone,  and  C-zone,  respectively.  The  same  trends 
described  above  can  be  seen  on  these  figures.  Predicted  water  levels  on  the  south 
end  of  the  base  are  slightly  high,  and  predicted  water  levels  on  the  north  end  are 
slightly  low.  However,  the  overall  accuracy  of  the  simulated  water  levels,  and  ground- 
water  flow  directions,  are  more  than  adequate  to  meet  the  objectives  of  this  ground- 
water  modeling  effort. 
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Table  J-4 

Simulated  venus  ObMrved  Water  Levels  -  Revised 
McCleilaa  AFB  Groundwater  Model 


Zone 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


WeU 

MW-10 

MW-1002 

MW-1004 

MW- 1005 

MW-1009 

MW- 10 14 

MW-1015 

MW-1016 

MW-1020 

MW-1021 

MW-1026 

MW-1044 

MW- 1054 

MW-1064 

MW- 1069 

MW-107 

MW-11 

MW- 110 

MW-111 

MW-115 

MW-12 

MW- 123 

MW-128 

MW-129 

MW-131 

MW-135 

MW-139 

MW-14 

MW-145 

MW-15 

MW-150 

MW-153 

MW-155 

MW-157 

MW-158 


Observed 
Wato*  Level 

-38.59 

-36.75 

-36.23 

-36.05 

-35.25 

-40.29 

-46.04 

-44.26 

-45.21 

-46.87 

-35.08 

-46.29 

-46.49 

-35.77 

-46.44 

-36.09 

-37.78 

-37.06 

-37.35 

-39.35 

-38.06 

-42.22 

-38.15 

-38.48 

-39.18 

-41.81 

-40.13 

-38.41 

-44.12 

_ -38.2 

-46.21 

-44.15 

-44.86 

-43.55 

-43.64 


Simulated 
Water  Level 


Calibration 

Observed 

less  Simulated 

_ 

-1.4f 

-1.23 

-1.45 

-0.75 


0.12 

-1.71 

-0.0: 

-1.7] 

-1.12 

-1.7 

-0.71 

3.05 

0.24 

3.05 

2.26 
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Table  J-4 

Simulated  venus  Observed  Water  Leveb  -  Revised  Calibration 
McClellan  AFB  Groundwater  Model 

Zone 

WeU 

Observed 
Water  Level 

Simulated 

Water  Level 

Observed 

less  Simulated 

A 

MW-159 

-43.01 

-44.1 

1.09 

A 

MW-160 

-35.12 

-35.7 

0.58 

A 

MW-164 

-42.36 

-41.8 

-0.56 

A 

MW-169 

-31.97 

-33.4 

1.43 

A 

MW-172 

-33.5 

-34.5 

1 

A 

MW-175 

-41.1 

-40.7 

-0.4 

A 

MW-182 

-40.34 

-39.5 

-0.84 

A 

MW-185 

-33.17 

-34.3 

1.13 

A 

MW- 186 

-38.03 

-38.1 

0.07 

A 

MW- 188 

-36.57 

-35.9 

-0.67 

A 

MW-191 

-42.62 

-42.5 

-0.12 

A 

MW-197 

-36.3 

-36.7 

0.4 

A 

MW-200 

-44.21 

-46.7 

2.49 

A 

MW-202 

-33.53 

-34.3 

0.77 

A 

MW-203 

-36.35 

-36.5 

0.15 

A 

MW-206 

-38.17 

-38.5 

0.33 

A 

MW-209 

-36.3 

-36.7 

0.4 

A 

MW-212 

-31.64 

-33.7 

2.06 

A 

MW-214 

-41.05 

-41.2 

0.15 

A 

MW-217 

-45.46 

-47.5 

2.04 

A 

MW-21D 

-37.47 

-37 

-0.47 

A 

MW-222 

-34.71 

-35.5 

0.79 

A 

MW-224 

-33.02 

-33.9 

0.88 

A 

MW-226 

-32.21 

-33.4 

1.19 

A 

MW-228 

-32.34 

-34.1 

1.76 

A 

MW-235 

-43.23 

-45.2 

1.97 

A 

I*fW-236 

-43.5 

-45.4 

1.9 

A 

MW-25D 

-40.03 

-40 

-0.03 

A 

MW-28D 

-34.22 

-35.9 

1.68 

A 

MW.33S 

-38.04 

-38 

-0.04 

A 

MW-41S 

-43.27 

-46.4 

3.13 

A 

MW-44S 

-36.73 

-36.2 

-0.53 

A 

MW-60 

-37.57 

-36.5 

-1.07 

A 

MW-61 

-39.61 

-39 

-0.61 

A 

MW-62 

-36.37 

-36.2 

-0.17 
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Table  J-4 

Simulated  venus  Observed  Water  Leveb  -  Revised  Calibration 
McClellan  AFB  Groundwater  Model 

Zone 

WeU 

Observed 

Water  Level 

Simulated 
Water  Level 

Observed 

less  Simulated 

A 

MW-65 

-42.89 

-44 

1.11 

A 

MW-7 

-44.74 

-45.1 

0.36 

A 

MW-72 

-38.62 

-36.5 

-2.12 

A 

MW-75 

-38.13 

-38 

-0.13 

A 

MW-88 

-36.97 

-36 

-0.97 

A 

MW-89 

-37.86 

-36.5 

-1.36 

A 

MW-90 

-37.67 

-36.4 

-1.27 

A 

MW-91 

-37.37 

-36.2 

-1.17 

A 

MW-92 

-37.12 

-36 

-1.12 

A 

MW- 1000 

-45.28 

-43.2 

-2.08 

.A 

MW-1003 

-36.24 

-35 

-1.24 

A 

MW-lOlO 

-35.69 

-34.2 

-1.49 

A 

MW-1034 

-40.41 

-36 

-4.41 

A 

MW-1042 

-36.01 

-33.9 

-2.11 

A 

MW- 108 

-36.41 

-35.4 

-1.01 

A 

MW-113 

-37.91 

-35.1 

-2.81 

A 

MW-124 

-42.09 

-42 

-0.09 

A 

MW-126 

-41.77 

-41.8 

0.03 

A 

MW-38D 

-38.14 

-36.1 

-2.04 

A 

MW-52 

-37.16 

-35.6 

-1.56 

A 

MW-53 

-38.71 

-36 

-2.71 

A 

MW-54 

-38.07 

-36.9 

-1.17 

A 

MW-55 

-38.95 

-36.6 

-2.35 

A 

MW-57 

-38.23 

-36.5 

-1.73 

A 

MW-70 

-37.63 

-36 

-1.63 

A 

MW-74 

-37.57 

-36 

-1.57 

A 

MW-76 

-37.2 

-36.1 

-1.1 

B 

MW-lOOl 

-35.74 

-34.9 

-0.84 

B 

MW-1022 

-50.89 

-51.2 

0.31 

B 

MW-1027 

-35.47 

-35.3 

-0.17 

B 

MW-1028 

-34.95 

-35.3 

0.35 

B 

MW-1038 

-38.06 

-38.1 

0.04 

B 

MW-104 

-35.96 

-35 

-0.96 

B 

MW-1045 

-47.4 

-46.7 

-0.7 

B 

MW-105 

-35.55 

-35.5 

-0.05 
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Table  J-4 

Simulated  venus  Obaerved  Water  Leveb  •  Revised  Calibration 
McClellan  AFB  Groundwater  Model 

Zone 

WeV 

Observed 
Water  Level 

Simulated 
Water  Level 

Observed 

less  Simulated 

B 

MW- 1050 

-46.52 

-42.7 

-3.82 

B 

MW-1055 

-46.8 

-45 

-1.8 

B 

MW-1059 

-34 

-35.2 

1.2 

B 

MW- 1062 

-37.82 

-37.9 

0.08 

B 

MW-1065 

-31.92 

-34.7 

2.78 

B 

MW-1066 

-31.9 

-34.7 

2.8 

B 

MW-1068 

-31.93 

-34.7 

2.77 

B 

MW-109 

-36.6 

-35.5 

-1.1 

B 

MW-112 

-37.66 

-35.2 

-2.46 

B 

MW-118 

-42.52 

-42.2 

-0.32 

B  . 

MW-130 

-39.91 

-41.8 

1.89 

B 

MW-134 

-41.35 

-40.7 

-0.65 

B 

MW-142 

-40.39 

-40.8 

0.41 

B 

MW-143 

-39.09 

-39.2 

0.11 

B 

MW-146 

-44.23 

-43 

-1.23 

B 

MW-151 

-47.03 

-45.9 

-1.13 

B 

MW-156 

-46.11 

-46.3 

0,19 

B 

MW-165 

-42.55 

-42.2 

-0.35 

B 

MW-173 

-34.28 

-35.9 

1.62 

B 

MW-176 

-41.35 

-41.3 

-0.05 

B 

MW-179 

-32.56 

-35.2 

2.64 

B 

MW-183 

-40.66 

-39.6 

-1.06 

B 

MW-189 

-36.68 

-36 

-0.68 

B 

MW-18D 

-34.36 

-35.6 

1.24 

B 

MW-192 

-43.13 

-42.7 

-0.43 

B 

MW-195 

-32.93 

-35 

2.07 

B 

MW-198 

-37.95 

-37.8 

-0.15 

B 

MW-19D 

-36.73 

-36 

-0.73 

B 

MW-201 

-46.21 

-47.2 

0.99 

B 

MW-204 

-37.43 

-37.5 

0.07 

B 

MW-207 

-39.05 

-39.1 

0.05 

B 

MW-20D 

-37.49 

-36.9 

-0.59 

B 

MW-211 

-31.96 

-35.3 

3.34 

B 

MW-213 

-31.68 

-34.8 

3.12 

B 

MW-215 

-40.95 

-41.2 

0.25 
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TaUeJ-4 

Simulated  venus  Observed  Water  Leveb  -  Revised  Calibration 
McClellan  AFB  Groundwater  Model 

Zone 

WeU 

Observed 
Water  Level 

Siranlated 

Water  Level 

Observed 
less  Simulated 

B 

MW-218 

-47.3 

-47.5 

0.2 

B 

MW-220 

-41.05 

-40.4 

-0.65 

B 

MW-223 

-35.13 

-36.3 

1.17 

B 

MW-225 

-33.48 

-35.5 

2.02 

B 

MW-227 

-32.14 

-35.6 

3.46 

B 

MW-229 

-33.53 

-35.6 

2.07 

B 

MW-22D 

-38.6 

-39.6 

1 

B 

MW-23D 

-48.45 

-47.9 

-0.55 

B 

MW-24D 

-43.81 

-42 

-1.81 

B 

MW-26D 

-38.57 

-39 

0.43 

B 

MW-27D 

-35.28 

-36.7 

1.42 

B 

MW-29D 

-33.11 

-35.5 

2.39 

B 

MW-Sl 

-37.26 

-36.7 

-0.56 

B 

MW-58 

-36.8 

-35.9 

-0.9 

B 

MW-59 

-37.02 

-36.3 

-0.72 

B 

MW-63 

-46.11 

-46 

-0.11 

B 

MW-64 

-47.7 

-47.6 

-0.1 

B 

MW-66 

-50.88 

-49.6 

-1.28 

B 

MW-71 

-34.23 

-35.8 

1.57 

B 

MW-69 

-38.67 

-38.6 

-0.07 

C 

MW-1046 

-48.62 

-49.7 

1.08 

C 

MW- 1051 

-46.71 

-42.7 

-4.01 

C 

MW-1056 

-47.84 

-44.6 

-3.24 

C 

MW-1060 

-34.22 

-36.7 

2.48 

C 

MW-1063 

-37.97 

-38.8 

0.83 

C 

MW-119 

-41.78 

-42.3 

0.52 

C 

MW-122 

-41.65 

-42.3 

0.65 

C 

MW-125 

-40.5 

-41.3 

0.8 

C 

MW-127 

-41.54 

-41.8 

0.26 

C 

MW-132 

-47.25 

-46.7 

-0.55 

C 

MW-133 

-41.4 

-40.4 

-1 

C 

MW-136 

-39.88 

-39.6 

-0.28 

C 

MW-138 

-39.36 

-39.2 

-0.16 

C 

MW-147 

-44.21 

-42.5 

-1.71 

C 

MW-152 

-48.64 

-46.2 

-2.44 
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Table  J-4 

Simulated  venus  Observed  Water  Levels  -  Revised 
McOeUan  AFB  Groundwater  Model 


Observed 


Simulated 


Zone 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 

C 


WeU 

Water  Level 

Water  Levd 

MW- 154 

-47.1 

-47.8 

MW.161 

-36.05 

-37.5 

MW-166 

-42.02 

-42.3 

MW-171 

-32.17 

-36.9 

MW- 174 

-34.41 

-36.9 

MW-177 

-41.23 

-41.3 

MW- 180 

-33.11 

-36.2 

MW-181 

-40.18 

-40.3 

MW- 184 

-40.35 

-39.7 

MW-187 

-39.1 

-39.5 

MW-190 

-36.76 

-36.2 

MW-193 

-42.23 

-42.8 

MW-199 

-37.99 

-38.5 

MW.205 

-37.56 

-38.2 

MW-208 

-39.29 

-38.6 

MW-216 

-40.67 

-40.9 

MW-219 

-48.93 

-50.7 

MW-221 

-41.57 

-40.7 

MW- 148 

-41.97 

-42.5 

Calibration 

Observed 
less  Simulated 

oT 

1.45 

0.28 

4.73 
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Frequency  of  Observation 
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HGURE  J-8 

HISTOGRAM  OF  WATER 
LEVEL  RESIDUALS 
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Table  J-5 

Results  of  Histogram  Analysis 


Water  Level 
Difference 

Frequency 

— 

Cumulative  Percent  | 

0  to  2 

152 

78.35 

2to4 

39 

98.45 

4  to  6 

3 

100.00 

6  to  8 

0 

100.00 

Sensitivity  Analysis 

Sensitivity  analysis  is  frequently  used  to  study  the  sensitivity  of  model  results  to 
changes  in  input  parameters.  This  is  done,  even  though  the  model  is  well  calibrated, 
because  it  is  recognized  that  the  calibration  may  not  be  unique.  There  may  be  more 
than  one  combination  of  parameters  that  produces  equally  good  agreement  between 
simulation  results  and  field  measurements.  The  normal  procedure  for  sensitivity 
analysis  is  to  vary  individual  input  parameters,  such  as  transmissivity,  and  to  observe 
the  amount  of  resulting  variation  in  simulation  results.  The  resulting  information  may 
help  quantify  the  degree  of  uncertainty  associated  with  the  model  results. 

At  McQellan  AFB,  the  model  parameters  that  have  the  greatest  uncertainty  are  the 
transmissivities  of  the  four  model  layers  and  the  vertical  conductance  between  layers. 
A  total  of  14  model  nms  were  made  to  study  the  impact  of  varying  the  model  trans¬ 
missivities  and  vertical  leakances  on  the  calibrated  heads  and  capture  zones.  The 
model  was  run  using  transmissivify  and  vertical  leakance  values  equal  to  50  percent 
and  200  percent  of  the  calibration  value,  respectively.  Table  J-6  presents  predicted 
head  values  for  each  model  layer  at  8  nodes  for  the  basic  calibration  run  and  the 
additional  14  sensitivity  analysis  runs.  The  assumed  conditions  for  each  of  the  14 
sensitivity  simulations  are  described  below  (Table  J-7): 

The  results  of  these  simulations  showed  no  significant  impact  on  the  calibrated  heads, 
along  with  a  negligible  increase/decrease  in  the  volume  of  water  requiring  extraction 
when  50  percent  and  200  percent  of  the  calibrated  transmissivity  was  used.  The 
results  also  showed  that  when  the  transmissivity  value  used  in  the  model  was  reduced 
to  half  the  cahbration  value.  Monitoring  Zone  A  was  not  able  to  sustain  the  with¬ 
drawal  rate  in  several  areas.  The  results  of  this  sensitivity  analysis  indicate  that  a 
reasonable  degree  of  parameter  uncertainty  and  error  associated  with  parameter 
estimation  does  not  imreasonably  impact  model  predictions. 
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Table  J-7 

Suauuwy  of  Sensitivity  Runs 

Run  No. 

Conditions 

1 

The  transmissivity  of  layer  4  (regional  aquifer)  was  double  the  calibrated  value  for  this  | 
run  while  all  other  parameters  were  held  constant.  H 

2 

The  transmissivity  of  layer  4  (regional  aquifer)  was  reduced  to  half  the  calibrated  value  I 
for  this  run  while  all  other  parameters  were  held  oonsunt.  | 

3 

The  transmissivity  of  layer  3  was  double  the  calibrated  value  for  this  run  while  all  other  1 
parameters  were  held  constant  | 

4 

The  transmissivity  of  layer  4  (regional  aquifer)  was  reduced  to  half  the  calibrated  value 
for  this  run  while  all  other  parameters  were  held  constant. 

5 

The  transmissivity  of  layer  2  was  double  the  calibrated  value  for  this  run  while  all  other 
parameters  were  held  constant 

6 

The  transmissivity  of  layer  2  was  reduced  to  half  the  calibrated  value  for  this  run  while 
all  other  parameters  were  held  constant 

7 

The  transmissivity  of  layer  1  was  double  the  calibrated  value  for  this  run  while  all  other 
parameters  were  held  constant 

8 

The  transmissivity  of  layer  1  was  reduced  to  half  the  calibrated  value  for  this  run  while 
all  other  parameters  were  held  constant 

9 

The  Leakance  between  layer  3  and  layer  4  was  double  the  calibrated  value  for  this  run 
while  aU  other  parameters  were  held  constant 

10 

The  Leakance  between  layer  3  and  layer  4  was  reduced  to  half  the  calibrated  value  for 
this  run  while  all  other  parameteis  w«re  held  constant 

11 

The  Leakance  between  layer  3  and  layer  2  was  double  the  calibrated  value  for  this  run 
while  all  other  parameters  were  held  constent 

12 

The  Leakance  between  layer  3  and  layer  2  was  reduced  to  half  the  calibrated  value  for 
this  run  while  all  other  parameters  were  held  constant 

13 

The  Leakance  between  layer  1  and  layer  2  was  double  the  calibrated  value  for  this  run 
whUe  all  other  parameters  were  held  constant 

14 

The  leakance  between  layer  1  and  layer  2  was  reduced  to  half  the  calibrated  value  for 
this  run  while  all  other  parameters  were  held  constant 

Simulation  of  Containment  Scenarios 

The  foUowing  section  describes  the  simulations  performed  to  develop  the  extraction 
well  networks  required  to  contain  a  particular  remedial  action  target  volume. 

Three  target  volumes  were  considered  for  containment: 

•  Containment  of  all  contaminated  groundwater  above  background  VOC 
concentrations  (0.5  /tg/1) 
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•  Containment  of  all  contaminated  groundwater  exceeding  a  federal  or 
state  MCL 

•  Containment  of  all  contaminated  groundwater  that  f}oses  a  lO"*  or 
greater  risk 

Three  contaiiunent  scenarios  were  investigated  for  each  remedial  action  target 
volume: 

•  Basic  containment  with  high  contaminant  concentrations  isolated  in  the 
current  hot  spot  areas 

•  Containment  with  injection  of  treated  groundwater  to  speed  cleanup  of 
the  hot  spots 

•  Containment  with  end-use  injection  into  the  regional  aquifer 

Target  volumes  have  been  defined  based  on  where  groimdwater  contamination  levels 
exceed  federal  MCLs,  where  risk  from  groundwater  contamination  exceeds  an 
additional  10*^  cancer  risk,  and  where  contamination  levels  exceed  the  assumed  back¬ 
ground  concentration  for  VOCs  (0.5  ^g/1). 

It  was  assumed  in  the  scenario  simulations  that  the  groundwater  elevations  across  the 
site  would  remain  constant  during  the  course  of  remediation.  If  regional  water  levels 
continue  to  decline,  the  saturated  thickness  of  certain  portions  of  Monitoring  Zone  A 
may  become  extreme^  small  or  the  sediments  may  become  completely  dewatered.  If 
this  occurs,  remediation  by  extraction  wells  will  become  impossible,  llie  areas  most 
susceptible  to  dewatering  lie  east  of  the  runway  in  OU  A  and  are  shown  on 
Figure  J-12. 

Operational  Strategy 

The  strategy  used  in  developing  the  extraction  alternatives  contained  the  following 
main  elements: 

•  Each  extraction  system  must  completely  contain  the  specified  target 
volume,  and  most  contamination  is  captured  in  the  aquifer  where  it 
resides. 

•  A  limited  quantity  of  contamination  is  allowed  to  move  between 
aquifers  as  long  as  the  location  where  contaminants  enter  the  receptor 
aquifer  lies  inside  the  target  volume  for  that  aquifer. 

•  In  no  case  is  contamination  allowed  to  leave  a  contaminated  aquifer 
and  enter  an  adjacent  aquifer  outside  of  the  specified  target  volume. 
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FIGURE  J-13 

EXTRACTION  AND  INJECTION 
WELL  LOCATIONS 
MONITORING  ZONE  A 
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FIGURE  J-14 

EXTRACTION  WELL  LOCATIONS 
MONITORING  ZONE  A 
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Containment  Criteria 


The  definition  of  groundwater  containment  used  in  the  extraction  alternatives  is  that  a 
flow  line  started  at  any  location  within  the  target  volume,  at  any  depth  in  the  aquifer, 
moves  toward  and  into  an  extraction  well.  Flow  lines  for  each  alternative  started  at 
the  perimeter  of  the  target  volume  in  each  monitoring  zone  are  presented  in  the  fol¬ 
lowing  sections.  These  figures  show  the  movement  of  groundwater  from  the  boun¬ 
daries  of  the  target  volumes  into  the  groundwater  extraction  wells.  It  is  apparent 
from  these  figures  that  all  contaminated  groundwater  within  the  target  volumes  even¬ 
tually  moves  to,  and  is  removed  by,  the  extraction  wells.  Also  apparent  is  that  a 
majority  of  the  contaminated  groundwater  is  extracted  in  the  monitoring  zone  in 
which  it  resides. 

Another  significant  characteristic  of  all  extraction  networks  is  that  the  highly  contami¬ 
nated  portions  of  Monitoring  Zone  A  (hot  spots)  are  isolated  independently  and 
removed  by  dedicated  extraction  wells.  This  was  done  to  isolate  groundwater  with 
concentrations  as  high  as  1,000  times  the  concentrations  observed  in  other  portions  of 
the  plume.  These  areas  are  also  locations  where  dense  nonaqueous-phase  liquids 
(DNAPLs)  are  suspected  to  reside.  It  is  advantageous  to  remove  DNAPL-based 
contamination  near  the  source  area  as  opposed  to  inducing  this  high  concentration 
contamination  to  flow  through  areas  of  the  aquifer  with  much  lower  contaminant 
concentrations.  Five  areas  of  extremely  high  groundwater  concentrations  have  been 
identified  in  Monitoring  Zone  A.  These  locations  are  shown  in  Figure  J-13.  It  is  also 
noted  on  this  figure  that  the  boundaries  of  the  hot  spot  target  areas  were  modified 
slightly  when  input  to  the  groundwater  model.  This  was  necessary  as  the  target  areas 
must  be  defined  by  existing  model  nodes,  and  nodes  were  not  always  available  in  the 
exact  locations  of  the  hot  spot  boundaries.  When  the  estimated  boundary  fell 
between  two  model  nodes,  the  outer  node  was  selected  to  ensure  that  the  entire  hot 
spot  was  contained  by  the  proposed  extraction  wells. 

Alternatives  Evaluation 

The  alternatives  evaluated  are  grouped  according  to  common  elements  contained  in 
them.  The  first  set  of  extraction  alternatives  consists  of  basic  containment  of  each  of 
the  target  volumes  described,  with  hot  spot  extraction  by  designated  wells.  The  next 
set  of  extraction  alternatives  is  the  basic  containment  alternatives,  coupled  with  injec¬ 
tion  end  use  of  the  treated  groundwater.  It  was  necessary  to  quantitatively  evaluate 
injection  of  the  treatment  plant  effluent  into  the  regional  aquifer  to  demonstrate  that 
the  injection  will  not  alter  the  hydraulic  conditions  enough  to  compromise  the 
containment  of  the  extraction  network  designs.  The  final  set  of  evaluations  investi¬ 
gate  the  potential  for  strategic  placement  of  injection  wells  surrounding  the  hot  spot 
contamination  areas  so  that  the  flushing  of  the  hot  spots  can  be  augmented  with 
reinjected  treated  groimdwater. 

A  comparison  of  average  time  per  pore  volume  flushed  with  and  without  hot  spot 
injection  is  provided  in  Table  J-8. 
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Table  J-8 


Comparison  of  Average  Time  per  Pore  Volume  Flushed 
with  and  without  Hot  Spot  IitJection 


Hot  Spot  Location 

Time  Per  Pore  Volume  (yrs)  | 

Without  Injection 

With  Injection 

OU  A  -  North 

1.1 

0.8 

OU  A  -  South 

0.9 

0.4 

OU  B 

1.5 

0.5 

OU  C 

1.0 

0.4 

OU  D 

4.7 

1.7 

Note:  Flow  times  based  on  assumptions  of  the  groundwater  model 
and  an  effective  porosity  of  0.15. 


The  results  of  the  groundwater  modeling  analysis  were  used  to  investigate  the 
potential  benefit  of  reinjecting  treated  groundwater  on  the  perimeter  of  the  hot  spot 
extraction  systems.  The  potential  benefit  of  reinjecting  the  treated  groundwater  is  to 
increase  the  available  drawdown  in  the  vicinity  of  the  hot  spot  extraction  wells, 
increasing  the  sustainable  pumping  rate  in  the  extraction  wells.  This  evaluation 
assumed  that  the  quantity  of  water  extracted  from  the  hot  spots  for  containment 
would  be  reinjected  into  the  A  zone  through  injection  wells  located  around  the 
perimeter  of  the  hot  spots.  These  assumed  injection  well  locations  are  included  on 
the  well  location  maps  presented  for  the  alternatives  including  hot  spot  injection. 

The  assumed  pumping  rate  of  the  hot  spot  extraction  wells  was  then  allowed  to 
double.  The  resulting  water  levels  under  these  increased  pumping  rates  were 
evaluated  with  respect  to  the  base  of  the  A  zr  -e.  The  results  suggest  that  the  higher 
extraction  rates  are  sustainable  in  all  but  one  of  the  extraction  wells  located  in  the 
southern  OU  A  hot  spot.  The  extraction  rate  of  this  well  was  increased  by  75  percent 
to  ensure  that  a  minimum  of  3  feet  of  available  drawdown  remained  during  extrac¬ 
tion.  These  results  apply  to  all  of  the  hot  spot  injection  alternatives,  independent  of 
the  target  volume  assumed.  It  should  be  noted  that  because  these  predictions  are 
based  on  the  results  of  the  modeling  anal5rsis,  all  of  the  assumptions  used  to  construct 
the  groundwater  model  also  apply  to  this  evaluation. 

The  extraction  alternatives  evaluated  using  the  groundwater  flow  model  are  sum¬ 
marized  as  follows: 

•  The  No-Action  Alternative  with  BW-18  abandoned. 

•  Containment  of  the  background  target  volume. 

•  Contaiiunent  of  the  background  target  volume  with  treated  groundwater 
injection  surrounding  contamination  hot  spots. 


RDD10012C5F.WP5  (GW  Rl/FS) 


J-32 


6/23/94 


•  Containment  of  the  background  target  volume  with  injection  of  treated 
groundwater  into  the  regional  aquifer  through  an  injection  well  located 
northwest  of  the  runway. 

•  Containment  of  the  lO"*  incremental  cancer  risk  target  volume. 

•  Containment  of  the  10"*  incremental  cancer  risk  target  volume  with 

treated  groundwater  injection  surrounding  contamination  hot  spots. 

•  Containment  of  the  lO"®  incremental  cancer  risk  target  volume  with 
injection  of  treated  groundwater  into  the  regional  aquifer  through  an 
injection  well  located  northwest  of  the  runway. 

•  Containment  of  the  MCL  target  volume. 

•  Containment  of  the  MCL  target  volume  with  treated  groundwater  inje¬ 

ction  surrounding  contamination  hot  spots. 

•  Containment  of  the  MCL  target  volume  with  injection  of  treated 
groundwater  into  the  regional  aquifer  through  an  injection  well  located 
northwest  of  the  runway. 

Background  Target  Volume 

The  background  target  volume  comprises  groundwater  where  VOCs  have  been 
detected  above  0.5  /*g/l.  The  extent  of  this  target  volume  in  Monitoring  Zones  A,  B, 
and  C  is  shown  in  Figures  J-14  through  J-16,  respectively.  Included  on  these  figures  is 
the  number  of  extraction  wells  that  are  required  to  contain  the  associated  target 
volume,  in  conformance  with  the  operational  strategies.  The  extraction  well  locations 
were  determined  based  on  the  groundwater  flow  directions,  target  volumes,  and 
vertical  hydraulic  gradients.  A  small  number  of  wells  was  simulated  initially,  and 
additional  wells  were  added  to  capture  portions  of  the  target  volume  that  were 
moving  downward  or  outward  past  the  simulated  extraction  wells.  The  well  locations 
were  adjusted  until  the  entire  target  volume  was  captured.  The  groundwater  injection 
wells  surrounding  the  hot  spots  shown  in  Figure  J-14  only  apply  to  alternatives  includ¬ 
ing  hot  spot  injection.  The  number  of  extraction  wells  required  for  containment  of 
each  monitoring  zone,  and  the  extraction  rate  of  high  concentration  versus  low 
concentration  contaminated  groundwater  is  summarized  in  Table  J-9.  The  pumping 
capacity  of  each  extraction  well  was  assumed  to  be  10,  15,  and  20  gpm  in  Monitoring 
Zones  A,  B,  and  C,  respectively.  This  is  based  on  actual  pumping  rates  observed 
from  existing  extraction  wells  at  the  Base.  The  only  exception  to  this  rule  is  in  areas 
of  Monitoring  Zone  A  with  limited  saturated  thickness.  Wells  in  these  areas  were 
limited  to  a  pumping  rate  that  resulted  in  drawdown  of  75  percent  of  the  initial 
saturated  thickness.  Existing  extraction  wells  were  simulated  at  pumping  rates  that 
reflect  current  operation. 


RDD100UC5F.WP5  (GW  Rl/FS) 


J-33 


6/23/94 


Table  J-9 

SaoiDiary  of  Greandwaler  Modeling  Rnna 

Conlalnnwnt  of  Target  Votninc  with  Uolalcd  Hot  Spot  Containment 

Operable  Unit 

Monitorinc  Zone  || 

A 

B 

c 

Per  OU  H 

No. 

Walk 

Q 

(tpm) 

No. 

Wells 

Q 

(ipm) 

No. 

WeUs 

Q 

(gpm) 

No. 

Wells 

Q 

(gpm) 

1  BAckgrowid  Tufet  Volame*  || 

OU  A  and  OU  G 

62 

390 

15 

220 

5 

100 

82 

710 

OU  B/C  &  OfEtite 

72 

700 

12 

190 

15 

310 

99 

1,200 

OUD 

7 

40 

7 

60 

0 

0 

14 

100 

Totals 

141 

1,130 

34 

470 

20 

410 

195 

2,010 

1  Risk  Target  Voinme*  ^ 

QUA 

55 

340 

11 

170 

4 

80 

70 

590 

OU  B/C  &  OBsite 

44 

430 

12 

190 

5 

100 

61 

720 

OUD 

7 

40 

7 

60 

0 

0 

14 

100 

Totals 

106 

810 

30 

420 

9 

180 

145 

1,410 

1  MCL  Target  Voinme*  || 

OU  A  and  OU  G 

50 

10 

150 

1 

20 

61 

450 

OUB/C 

34 

340 

10 

150 

4 

80 

48 

570 

OUD 

7 

40 

6 

30 

0 

0 

13 

70 

Totals 

91 

26 

330 

5 

100 

122 

1,090 

J  Hot  Spot  Flows  (Bosk  Clontolmiieiit  and  End-Use  h^tcUon)  || 

f  OU  A 

6 

30 

N/A 

N/A 

N/A 

N/A 

6 

30 

1  OUB/C 

10 

90 

N/A 

N/A 

N/A 

N/A 

10 

90 

foUD 

5 

68 

N/A 

N/A 

N/A 

N/A 

5 

68 

1  Totals 

21 

188 

N/A 

N/A 

N/A 

N/A 

21 

188 

1  Hot  Spot  Flows  (Hot  Spot  Iiyectlon)»BKtnctlon  Flows  || 

|oU  A 

6 

60 

N/A 

N/A 

N/A 

N/A 

6 

60 

1  OUB/C 

10 

180 

N/A 

N/A 

N/A 

N/A 

10 

180 

||oUD 

5 

136 

N/A 

N/A 

N/A 

N/A 

5 

136 

1  Totals 

21 

376 

N/A 

N/A 

N/A 

N/A 

21 

376 

1  Hot  Spot  Flows  (Hot  Spot  lq|octlon)-Iit|ectlon  Flows  || 

OU  A 

6 

30 

N/A 

N/A 

N/A 

N/A 

- 1 

6 

30 

OUB/C 

11 

120 

N/A 

N/A 

N/A 

N/A 

11 

120 

OUD 

5 

80 

N/A 

N/A 

N/A 

N/A 

5 

80 

Totals 

22 

230 

N/A 

N/A 

N/A 

N/A 

22 

230 

*These  flam  indude  easting  Base  extraction 
injection  options. 

Note: 

N/A  >  Not  applicable. 

and  hot  t| 

pot  flows  r 

sr  basic  co 

ntaininent 

and  end-use 
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Figures  J-17  through  J-19  present  the  groundwater  pathlines  for  the  basic  contain¬ 
ment  alternative.  These  pathlines  originate  from  the  target  area  boundaries  in 
Monitoring  Zones  A,  B,  and  C,  and  confirm  that  groundwater  contained  in  the  target 
volume  is  moving  toward,  and  eventually  removed  by,  the  extraction  system.  Figures 
J-20  through  J-22  show  similar  flow  lines  for  the  basic  containment  alternative  with 
hot  spot  flushing  by  injection  of  treated  groundwater.  The  locations  of  the  ground- 
water  injection  wells  near  the  hot  spots  are  presented  on  Figures  J-14  through  J-16. 
Figure  J-23  through  J-25  show  the  estimated  pathlines  for  the  basic  containment 
alternative  combined  with  injection  end  use  of  all  treated  groundwater  into  the 
regional  aquifer.  The  injection  location  is  assumed  to  be  adjacent  to  the  northern 
end  of  the  runway  as  shown  on  Figures  J-14  through  J-16. 

10^  Incremental  Cancer  Risk 

The  lO*^  incremental  cancer  risk  target  volume  includes  all  areas  where  the  cumula¬ 
tive  cancer  risk  posed  by  groundwater  contamination  exceed  1  in  10,000.  Figures  J-26 
through  J-28  include  the  locations  of  extraction  wells  required  to  contain  this  target 
volume.  The  groundwater  injection  wells  surrounding  the  hot  spots  shown  in 
Figure  J-26  only  apply  to  alternatives  including  hot  spot  injection.  The  number  of 
extraction  wells  and  approximate  flushing  rates  are  summarized  in  Table  J-9.  The 
assumed  extraction  well  pumping  capacities  for  each  zone  are  identical  to  those 
assumed  for  the  background  target  volumes. 

Figures  J-29  through  J-31  present  the  groundwater  pathlines  for  the  basic  contain¬ 
ment  alternative.  These  pathlines  originate  from  the  target  area  boundaries  in 
Monitoring  Zones  A,  B,  and  C,  and  confirm  that  groundwater  contained  in  the  target 
volume  is  moving  toward,  and  eventually  removed  by,  the  extraction  system.  Fig¬ 
ures  J-32  through  J-34  show  similar  flow  lines  for  the  basic  containment  alternative 
with  hot  spot  flushing  by  injection  of  treated  groundwater.  Figure  J-35  through  J-37 
show  the  estimated  pathlines  for  the  basic  containment  alternative  combined  with 
injection  end  use  of  all  treated  groundwater  into  the  regional  aquifer. 

MCL  Target  Volumes 

The  MCL  target  volumes  comprise  all  groundwater  that  contains  any  contaminant 
above  the  federal  or  state  MCL  Figures  J-38  through  J-40  include  the  extraction  well 
locations  required  to  contain  this  target  volume.  The  groundwater  injection  wells 
surrounding  the  hot  spots  shown  in  Figure  J-38  only  apply  to  alternatives  including 
hot  spot  injection.  The  results  of  the  simulations  performed  assuming  this  target 
volume,  including  pumping  rates  and  flushing  time  estimates,  are  summarized  in 
Table  J-9. 
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Figures  J-41  through  J-43  present  the  groundwater  pathlines  for  the  basic  contain¬ 
ment  alternative.  These  pathlines  originate  from  the  target  area  boundaries  in 
Monitoring  Zones  A,  B,  and  C,  and  confirm  that  groundwater  contained  in  the  target 
volume  is  moving  toward,  and  eventually  removed  by,  the  extraction  system. 

Figures  J-44  through  J-46  show  similar  flow  lines  for  the  basic  containment  alternative 
with  hot  spot  flushing  by  injection  of  treated  groundwater.  Figure  J-47  through  J-49 
show  the  estimated  pathlines  for  the  basic  containment  alternative  combined  with 
injection  end  use  of  all  treated  groundwater  into  the  regional  aquifer. 

No-Action  Alternative 

The  No- Action  Alternative  was  investigated  to  develop  a  baseline  set  of  conditions 
with  which  to  measure  the  benefit  that  any  additional  groundwater  remedial  action 
will  have  on  conditions  at  the  Base.  In  this  simulation,  BW-18  was  assumed  to  be 
abandoned  because  state  agencies  and  the  U.S.  EPA  have  expressed  concern  that  this 
well  is  a  potential  conduit  for  cross-contamination  between  aquifers  and  should  be 
abandoned.  Existing  extraction  wells  currently  operating  at  the  Base  were  included  in 
this  simulation.  Predicted  groundwater  elevations  imder  this  alternative,  existing 
extraction  well  locations,  and  target  volumes  for  a  particular  aquifer  are  shown  in 
Figures  J-50  through  J-52.  It  is  apparent  from  these  figures  that  contamination  in  all 
of  the  aquifers  would  continue  to  migrate  to  the  south-southwest  and  threaten 
groundwater  production  wells  downgradient.  Predicted  vertical  gradients  from  this 
simulation  are  predominantly  downward  over  the  Base  area,  indicating  that  contami¬ 
nation  will  also  move  downward  into  deeper  aquifers  as  it  continues  to  move  to  the 
south  and  southwest. 


Modeling  Limitations 


The  simulations  performed  in  the  modeling  analysis  were  steady-state.  The  use  of  a 
steady  state  model  is  appropriate  as  the  objective  of  the  groundwater  modeling  effort 
is  to  evaluate  the  long-term  performance  of  an  extraction  system  at  containing  and 
extracting  contaminated  groimdwater. 


The  predicted  heads  are  based  on  efficiencies  of  100  percent  for  both  extraction  and 
injection  wells.  The  actual  efficiency  of  the  weUs  may  be  substantially  lower  than  100 
percent,  with  the  injection  well  efficiencies  lower  than  that  of  the  extraction  wells. 
However,  well  efficiency  was  accounted  for  in  the  simulations  by  restricting  the  avail¬ 
able  drawdown  in  the  extraction  weUs  to  75  percent  of  the  saturated  thickness. 
Additional  head  rise  in  the  injection  wells  due  to  well  inefficiency  was  not  a  concern 
as  site  water  levels  are  approximately  100  feet  below  ground  surface. 

The  actual  performance  of  the  extraction  system  may  be  influenced  by  changes  in 
future  hydrologic  conditions.  ^This  Is  an  uncertainty  impossible  to  resolve  at  this  time 
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because  it  is  dependent  on  future  activities  near  the  Base  such  as  groundwater  pro¬ 
duction  practices  and  natural  and  artificial  groundwater  recharge.  The  influence  that 
rising  water  levels  will  have  on  the  extraction  network  is  to  require  increased  pumping 
rates  fi’om  the  extraction  wells  to  achieve  the  same  level  of  containment.  If  water 
levels  decline  significantly,  certain  portions  of  the  monitoring  zones  will  dewater,  and 
contamination  will  have  to  be  removed  by  alternative  means. 
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Introduction 

The  goals  of  this  technical  memorandum  are  to  identify  the  contaminants  of  concern 
(COCs),  to  estimate  the  extent  of  contamination,  and  to  estimate  the  mass  of  COCs 
in  the  groundwater.  The  quantity  and  spacial  distribution  of  contaminant  mass 
influences  the  method  of  remediation.  For  example,  contaminant  mass  influences  the 
priority  of  each  required  remedial  action.  The  mix  of  contaminants  influences 
treatment  options.  The  quantity  and  type  of  contaminant  influences  the  length  of 
time  required  for  remediation. 

A  detailed  discussion  of  the  nature  and  extent  of  contamination,  as  well  as  the 
methodology  used  in  the  delineation  of  the  target  areas  for  extraction  and  remedial 
action  options,  is  presented  in  Chapter  4,  Conceptual  Model  of  the  GW  OU  RI/FS 
report  and  will  not  be  discussed  in  this  technical  memorandum. 


Identification  of  Contaminants  of  Concern 

The  COCs  were  selected  by  examining  the  summary  statistics  from  the  Groundwater 
Sampling  and  Analysis  Program  (GSAP)  maintained  by  Radian  Corporation  by 
identifying  the  primary  risk  drivers  and  by  studying  the  spatial  distribution  of 
contaminant  concentrations  above  MCLs.  TCE,  cis-l,2-DCE,  PCE,  1,2-DCA, 
1,1,1-TCA,  and  1,1-DCE  have  been  selected  as  COCs  for  performing  mass  estimates 
for  the  following  reasons: 

•  They  are  the  most  frequently  detected  VOCs  and  are  frequently 
detected  above  MCLs. 

•  They  are  risk  drivers.  At  present  groundwater  concentrations,  these 
contaminants  posed  hazards  to  human  health. 

•  The  areal  extent  of  these  contaminants  is  widespread. 
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The  identification  of  COCs  is  necessary  in  defining  the  contamination  problem  and  in 
evaluating  the  different  facets  of  solutions,  such  as  treatment  options  and  length  of 
time  required  for  remediation. 

Frequency  of  Detection 

Most  recent  VOC  samples  collected  during  or  after  1988  for  all  wells  were  used  to 
calculate  the  summary  statistics  presented  in  Table  K-1.  TCE,  cis-l,2-DCE,  PCE,  and 
1,2-DCA  have  clearly  been  detected  above  MCLs  more  often  than  the  other  VOCs. 
Chloroform,  carbon  tetrachloride,  and  methylene  chloride  have  been  frequently 
detected,  but  only  rarely  above  MCLs. 

The  data  set  presented  in  Section  4.6.1  was  reviewed  to  select  the  COCs.  The  water 
quality  trends  of  wells  that  have  been  sampled  in  the  past  2  years  was  examined  in 
conjunction  with  data  from  wells  that  had  not  been  sampled  as  recently  to  extrapolate 
current  groundwater  conditions.  The  frequency  of  detects  and  the  mean  sampling 
result  time  series  for  TCE,  PCE,  cis-l,2-DCE,  1,2-DCA,  1,1,1-TCA,  and  1,1-DCE  are 
presented  in  Figure  K-1. 

For  most  contaminants,  the  frequency  of  detections  has  been  increasing  with  time,  but 
their  maximum  and  mean  concentrations  have  been  decreasing.  This  may  be  the 
result  of  the  following: 

•  Because  of  regional.  Base,  and  extraction  well  pumpage,  contaminant 
plumes  have  been  migrating. 

•  Contaminant  mass  has  been  removed  by  extraction  wells  installed  for 
remedial  actions. 

•  Several  wells  that  have  been  sampled  consistently  at  non-detect  levels 
have  been  dropped  from  the  monitoring  program. 

•  New  wells  have  been  added  to  the  program  to  further  define  the 
plumes.  This  has  led  to  the  addition  of  numerous  wells  in  relatively  low 
groundwater  contamination  areas. 

Hence,  compounds  have  been  detected  in  more  sampled  wells,  but  at  lower 
concentrations. 

Some  discrepancy  may  be  noted  with  the  maximum  nondetected  reporting  limit  when 
compared  to  the  detected  values.  The  reporting  limit  was  raised  because  of  sample 
dilutions.  Sample  dilutions  are  necessary  when  there  is  a  high  concentration  of  one 
or  more  compounds  in  the  given  sample.  The  reporting  limit  is  increased  as  a 
function  of  the  dilutions,  and  all  compounds  are  reported  at  the  values  detected  in 
the  final  dilution  and  qualified  using  the  final  reporting  limit  value.  Procedures  to 
keep  the  reporting  limits  at  or  below  MCLs,  for  contaminants  with  MCLs,  are 
included  in  the  Basewide  RI/FS  QAPP  Update  (Radian,  1994). 
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Risk  Drivers 


In  addition  to  being  frequently  detected  above  MCLs,  TCE,  PCE,  1,2-DCA, 

1,1,1-TCA,  and  1,1-DCE  have  been  identified  as  primary  risk  drivers  based  on  mean 
estimates  of  increased  lifetime  cancer  risks  or  hazard  quotients  in  Appendix  B,  Risk 
Assessment  Methodology.  Chloroform,  methylene  chloride,  and  carbon  tetrachloride 
were  also  identified  as  risk  drivers,  but  are  not  COCs  in  determining  the  extent  of 
target  areas  for  the  following  reasons  (based  on  1992  sampling): 

•  Chloroform  was  never  detected  above  MCLs. 

•  Less  than  2.4  percent  of  all  methylene  chloride  results  were  above 
MCLs.  In  addition,  methylene  chloride  is  a  common  laboratory  contam¬ 
inant;  samples  with  associated  blank  contamination  were  not  rejected 
from  the  risk  assessment  and  therefore  it  is  likely  that  a  portion  of  the 
methylene  chloride  detects  reflect  laboratory  contamination  rather  than 
groundwater  contamination. 

•  Less  than  0.4  percent  of  all  carbon  tetrachloride  results  were  above 
MCLs. 

While  cis-l,2-DCE  was  not  identified  as  a  risk  driver  by  the  risk  assessment,  it  was 
detected  in  26  percent  of  the  samples  collected.  Cis-1,2-DCE  had  a  mean 
concentration  of  3.5  /tg/l  and  is  considered  to  be  equivalent  to  total  1,2-DCE  as  trans- 
1,2-DCE  was  not  detected.  Since  the  extent  of  this  contaminant  appears  to  be 
widespread,  cis-l,2-DCE  was  selected  as  a  COC.  1,1,1-TCA  was  also  selected 
although  it  was  only  detected  in  approximately  6  percent  of  the  samples.  1,1,1-TCA 
had  a  mean  concentration  of  10.3  ^g/1  and  was  considered  to  be  a  prevalent 
contaminant. 

Areal  Extent  of  Contamination 

TCE  is  the  most  frequently  detected  contaminant  and  the  most  widespread.  For  this 
reason,  the  extent  of  VOC  contaminant  migration,  and  consequently  the  extent  of  the 
target  volumes  described  in  Chapter  4,  the  Conceptual  Model,  was  based  on  the 
extent  of  observed  TCE  contamination.  The  approximate  areal  extent  of  the  TCE, 
PCE,  cis-l,2-DCE,  1,2-DCA,  1,1,1-TCA,  and  1,1-DCE  in  each  zone  are  presented  in 
Figures  K-2,  K-3,  and  K-4.  The  mass  of  the  COCs  in  these  zones  were  calculated  and 
are  presented  in  the  VOC  Mass  Estimate  section  of  this  technical  memorandum. 


Delineation  of  the  Extent  of  Contamination 

The  location  of  the  source  areas,  time  of  contaminant  release,  contaminant  transport 
properties,  and  groundwater  flow  directions  all  influence  the  extent  of  VOC 
contamination  at  the  Base. 
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Water  quality  data  from  279  wells  and  borings  were  used  to  approximate  the  extent 
of  contamination,  to  estimate  VOC  mass  and  to  generate  target  volumes.  The  data 
set  used  is  presented  in  Table  4-9. 

The  data  set  representing  current  groimdwater  conditions  was  assembled  and  used  to 
estimate  the  extent  of  contamination,  VOC  mass,  and  target  volumes.  Only  161  wells 
were  sampled  within  the  last  2  years.  Hence,  water  quality  trends  of  all  other  wells 
were  examined  to  extrapolate  to  current  groundwater  conditions.  The  following  steps 
were  taken  in  assembling  the  data  set: 

•  Water  quality  data  collected  from  the  newly  installed  OU  A  and  OU  D 
weUs  were  incorporated  into  the  data  set.  MW-38D  was  also  sampled 
for  the  OU  D  RI  and  was  included  in  the  data  set;  it  was  last  sampled 
in  June  1985.  Risk  values  were  not  calculated  for  these  wells. 

•  For  wells  in  the  data  base,  the  most  recent  result  for  each  well  sampled 
during  1992  or  1993  coUected  was  incorporated  into  the  data  set. 
Sampling  performed  within  the  last  2  years  is  considered  representative 
of  current  conditions.  Risk  values  were  calculated  for  these  wells. 

•  For  wells  in  the  data  base  that  were  last  sampled  during  1988  to  1991, 
their  data  trends  were  examined  to  approximate  what  current  water 
quality  concentrations  might  be.  These  wells  were  divided  into  three 
categories: 

Wells  that  were  consistently  nondetect:  In  most  cases, 
these  weUs  were  not  sampled  after  1991  because 
concentrations  were  consistently  nondetect.  Hence  for 
consistently  nondetect  wells,  the  most  recent  nondetect 
result  was  used.  Risk  values  were  calculated  for  these 
weUs. 

WeUs  with  fluctuating  concentrations:  Fourth  quarter 
1993  results  for  three  weeks  with  fluctuating  concen¬ 
trations,  MW-131,  MW-165  and  MW-211,  were  available 
in  from  the  data  summary  report  and  were  incorporated 
into  the  data  set.  Average  concentrations  were  calculated 
and  incorporated  into  the  data  set  for  three  weUs, 
MW-131,  MW-166,  and  MW-21S;  these  weUs  experienced 
fluctuating  concentrations  but  were  not  sampled  during 
the  fourth  quarter  of  1993.  Risk  values  were  not 
calculated  for  these  six  weUs. 
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Wells  with  increasing  or  decreasing  concentrations: 
Concentrations  in  MW- 120  were  consistently  declining.  It 
was  last  sampled  in  July  1989  at  nondetectable  levels  for 
prevalent  contaminants,  therefore  that  sample  record  and 
the  risk  associated  was  incorporated  in  the  data  set. 
Concentration  in  MW-44s  were  increasing  therefore  the 
most  recent  record  and  risk  value  in  the  data  base  was 
used. 

•  Newly  installed  wells  that  were  sampled  in  the  fourth  quarter  of  1993: 
Results  for  MW.282,  MW-283,  MW-284,  MW-285,  MW-286,  MW-287, 
MW-288,  and  MW-999  were  taken  from  the  fourth  quarter  data 
summary  report.  Risk  values  were  not  calculated  for  these  wells. 

The  interpretation  of  the  VOC  extent  of  contamination  in  a  particular  monitoring 
zone  is  a  function  of  the  monitoring  network.  VOC  concentration  isopleths  are 
known  with  certainty  in  regions  where  the  monitoring  network  is  dense  (e.g.,  in  the  A 
zone  of  OU  D).  In  regions  where  there  are  fewer  monitoring  wells,  and  thus  less 
data  spatially,  the  delineation  of  the  extent  of  contamination  is  based  on  proximity  to 
source  areas  and  groundwater  flow  directions.  This  is  the  case  in  all  zones  of  OUs  G 
and  H.  GeneraUy,  well  networks  are  more  dense  in  areas  of  high  concentration  and 
less  dense  in  areas  of  low  concentration. 

Background  level  target  volumes  were  established  based  on  the  data  set  described 
above  and  are  presented  in  Chapter  4.  Contaminant  mass  was  calculated  only  in  the 
background  target  volume. 


VOC  Mass  Estimates 

This  section  discusses  the  methodology  used  to  estimate  the  mass  of  the  COCs  dis¬ 
solved  in  groundwater  and  sorbed  to  the  soil  matrix.  The  mass  of  free  product  was 
not  considered  in  this  calculation  because  the  presence  of  NAPLs  in  the  groundwater 
system  has  not  been  confirmed  and  insufficient  data  exist  to  estimate  the  mass  of 
DNAPL  that  may  exist. 

The  mass  of  each  COC  dissolved  in  groundwater  or  sorbed  to  the  aquifer  matrix  was 
determined  by  calculating  the  mass  within  each  contaminant  isopleth.  A  linear 
isotherm  relating  contaminant  concentrations  in  solution  to  concentrations  sorbed  to 
soil  were  assumed.  The  mass  of  the  CCK)s  as  well  as  the  volume  of  aqtiifer  that  these 
contaminants  currently  occupy  is  presented  in  this  technical  memorandum.  This 
section  Mali  discuss  the  estimation  of  VOC  mass  in  the  groundwater  system  followed 
by  the  assumptions  made  and  the  methodology  followed  to  perform  these 
calculations. 
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Afass  of  VOCs  and  Volume  of  Contaminated  Aquifer 

TCE  is  the  most  prevalent  CCXT  by  mass  and  by  contaminated  aquifer  volume, 
followed  by  PCE.  Approximate^  67  percent  of  the  CCXT  mass  is  attributable  to  TCE. 
Sixty-two  percent  of  that  TCE  mass  exists  in  Monitoring  Zone  A.  Table  K-2  presents 
the  estimated  mass  of  the  COCs  in  each  monitoring  zone  and  the  estimated  volume 
of  contaminated  aquifer  that  each  COC  occupies.  TCE  is  the  most  widespread 
contaminant  spatially;  and  with  few  exceptions,  all  other  COCs  exist  in  areas  where 
TCE  also  exists. 

The  mass  of  each  COC  by  monitoring  zone  of  each  OU  is  presented  in  Table  K*3. 
The  distribution  of  the  COC  mass  in  each  zone  of  each  OU  is  summarized  in 
Figures  K-5,  K-6,  K-7,  K-8,  K-9,  and  K-10.  The  mass  of  contaminants  in  Monitoring 
Zone  C  of  OU  D  was  not  calculated  because  monitoring  wells  do  not  exist  in 
Monitoring  Zone  C  in  OU  D.  Mass  in  Monitoring  Zones  D  and  E  of  OU  B/C  were 
not  calculated  because  the  D  and  E  zone  wells  are  located  in  a  north-south  line,  and 
it  was  not  possible  to  determine  the  east-west  extent  of  contamination. 

Cumulative  mass  versus  cumulative  volume  of  each  COC  is  compared  in 
Figures  K-11,  K-12,  K-13,  K-14,  K-15,  and  K-16.  Comparison  of  cumulative  mass 
versus  cumulative  volume  show  that  the  mass  of  contaminants  per  volume  of  aquifer 
in  the  high  concentration  areas  are  significantly  higher  than  the  mass  of  contaminants 
per  volume  of  aquifer  in  the  low  concentration  areas.  The  highest  mass  exists  in  the 
smallest  volumes  associated  with  regions  of  high  concentrations  (>500  #tg/l). 
Conversely,  the  regions  of  low  concentrations  (<1  #tg/l)  make  up  large  volumes  of 
aquifer,  but  contain  little  mass.  This  difference  is  significant  because  the 
characteristics  of  the  groundwater  extracted  from  each  area  will  be  different  and  may 
require  different  treatment  technologies  to  achieve  remedial  cleanup  goals.  Total 
groundwater  extraction  from  the  limited  areas  where  concentrations  are  greater  than 
500  /ig/1  would  be  relatively  small,  but  the  influent  concentrations  from  these  areas 
would  be  high.  Converse^,  total  groimdwater  extraction  from  regions  where 
concentrations  are  less  than  1  /ig/l  would  be  high,  but  the  influent  concentrations  from 
these  areas  would  be  low. 

Assumptions 

On  the  basis  of  transport  mechanisms,  contaminant  concentration  and  contaminant 
properties,  the  concentrations  of  contanunants  in  the  subsurface  are  constantly 
changing.  Therefore,  to  perform  VOC  mass  estimates,  the  following  assumptions  will 
be  made: 


Contaminants  in  solution  (groundwater  and  porewater)  are  in  equili¬ 
brium  with  contaminants  sorbed  to  the  aquifer  matrix. 

The  concentration  of  a  VOC  sorbed  to  soil  is  linearly  related  to  the 
concentration  of  a  VOC  in  solution  (i.e.,  linear  sorption  isotherms). 
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Table  K-2 

Mass  of  COCs  and  Volume  of  Contaadnated  Aquifer  By  Zone 
Groundwater  Operable  Unit 


Zone 

COCs 

A 

B 

C 

Total 

TCE 

Mass  (kg) 

7,900 

400 

170 

8,500 

Percent  of  Total  Mass 

62 

3.1 

1.3 

Volume  (million  ft^) 

2,200 

1300 

1,000 

4,600 

Percent  of  Total  Volume 

48 

29 

23 

PCE 

Mass  (kg) 

760 

33 

— 

790 

Percent  of  Total  Mass 

6 

0.26 

— 

Volume  (million  ft^) 

180 

250 

— 

420 

Percent  of  Total  Volume 

42 

58 

-- 

1,1.1-TCA 

Mass  (kg) 

250 

0.45 

4.5 

260 

Percent  of  Total  Mass 

2.0 

0 

0.04 

Volume  (million  ft^) 

97 

20 

210 

330 

Percent  of  Total  Volume 

30 

6 

64 

Cis-1,2-DCE 

■■ 

Mass  (kg) 

43 

34 

250 

Percent  of  Total  Mass 

0.00 

0.00 

Volume  (million  ft^) 

510 

550 

2300 

Percent  of  Total  Volume 

gmi 

23 

25 

U-DCA 

Mass  (kg) 

18 

9.5 

0.060 

27 

Percent  of  Total  Mass 

0.14 

0.070 

0.00 

Volume  (million  ft^) 

130 

830 

8.6 

970 

Percent  of  Total  Volume 

13 

86 

1.0 

1,1-DCE 

Mass  (kg) 

2,900 

1.5 

0.63 

2,900 

Percent  of  Total  Mass 

23 

0.01 

0.01 

Volume  (million  ft^ 

360 

86 

46 

490 

Percent  of  Toul  Volume 

73 

18 

9.0 

Total  Mass  of  COCs 

12,000 

490 

210 

13,000 
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Table  K-3 

Mass  of  COCs  and  Volume  of  Contaminated  Aquifer  By  Zone 
Groundwater  Operable  Unit 
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Table  K-3 

Mass  of  COCs  and  Volume  of  Crnitaminated  Aquifer  By  Zone 
Groundwater  Operable  Unit 


Percent  of  Total 
Volume  in  Each  OU 
(million  (iP) 

u 

1 

mi 

i 

00 

Volume 

Per  OU 
(million  flP) 

§ 

s 

Volume  Per 
Zone  Per  OU 
(million 

o 

1 

O 

\r% 

1/^ 

^0 

1® 
y  § 

8  m 

Total  Mass  in 
Each  OU 

(ks) 

Mass  Per 
Zone  Per  OU 
(kS) 

§ 

wn 

t^ 

fn 

Pi 

o 

1 

B 

OQ 

U 

B 

00 

u 

B 

< 

% 
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Table  K-3 

Mass  of  COCs  and  Voliune  Contaminated  Aquifer  By  Zone 
Groundwater  Operable  Unit 


Percent  of  Total 
Volume  in  Each  OU 
(million  flP) 

0 

iww 

VO 

2 

X 

8 

.0 
S  2  * 

i;i 

III 

1 

00 

1 

Volume  Per 
Zone  Per  OU 
(million  fP) 

0 

1 

1 

s 

X 

p 

1 

1 

VO 

1 

1 

< 

1 

1 

1 

i 

Percent  of  Total 
Mass  in  Each  OU 

(kc) 

— 

* 

0 

(S 

d 

§ 

Total  Mass  in 
EachOU 
(kg) 

s 

<s 

X 

Mass  Per 
Zone  Per  OU 
(kO 

0.070 

r4 

- 1 

0 

0 

os 

- 1 

m 

X 

S 

t-- 

Zone 

B 

CQ 

U 

B 

B 

B 

CO 

B 

CQ 

U 

1 

Operable 

Unit 

< 

u 

ea 

0 

G/H  and 
Offbase 

1  Total 
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Table  K-3 

Mass  of  COCs  and  Volume  of  Contaminated  Aquifer  By  Zone 
Groundwater  Operabie  Unit 
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Mass  (kg) 


A  Zone  6  Zone  CZone  A  Zone  BZone  CZone  A  Zone  BZone  CZone 


nCURE  K-6 

DISTRIBUTION  OF  CIS-1 ,2-OCE  IN 
EACH  ZONE  OF  EACH  OPERABLE  UNIT 

QROUNOW/VTER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 
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RGURE  K-5 

DISTRIBUTION  OF  TCE  IN  EACH 
ZONE  OF  EACH  OPERABLE  UNIT 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  AIR  force  base 

SACRAMENTO.  CAUFORNIA 


OUA 


OUB/C 


OUD 


Mass  (kg) 


600 


OUA 


OUB/C 


OUD 


HGURE  K-7 

DISTRIBUTION  OF  PCE  IN  EACH 
ZONE  OF  EACH  OPERABLE  UNIT 

QROUNC3WATER  OPERABLE  UNIT  RI/FS 

McClellan  AIR  force  base 

SACRAMENTO.  CALIFORNIA 
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HGURE  K-8 

DISTRIBUTION  OF  1.2-DCA  IN 
EACH  ZONE  OF  EACH  OPERABLE  UNIT 

QROUNOWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO.  CAUFORNIA  _ 


Mass  (kg) 
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A  Zone  B  Zona  C  Zone  A  Zone  B  Zona  C  Zone  A  Zone  B  Zone  C  Zone 
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HGURE  K-9 

DISTRIBUTION  OF  1.1 -DCE  IN  EACH 
ZONE  OF  EACH  OPERABLE  UNIT 

QRCXJNDWATEB  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 
SACRAMENTO,  CALIFORNIA 
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RGURE  K-10 

DISTRIBUTION  OF  1,1,1-TCA  IN  EACH 
ZONE  OF  EACH  OPERABLE  UNIT 

QROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 
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Cumulatlva  Volume  (million  ft^ ) 


The  following  TCE  isoplaths  were  used  in  the 
summation  of  cumulative  mass  and  cumulative  voiume: 

-a-  Totals:  1,000-10.000;  500-1,000;  100-500;  50-100;  10-50;  5-10;  5  -1;  0.5-1 
AZone:  1.000-10,000:500-1.000;  100-500, 50-100;  10-50;  5-10;  5-1;  0.5-1 
8  Zone:  50-100;  10-50;  5-10;  1-5;  0.5-1 
-#-CZone:  5-10;  1-5;  0.5-1 


HGURE  K-11 
CUMULATIVE  MASS 
OF  TCE  VERSUS  VOLUME 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 
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Cuimilstive  Volume  (million  IP ) 


The  Mowing  cie-1 ,2-OCE  laoplelhs  were  used  in  the 
summation  of  cumuMlve  mass  and  cumuMIve  volume; 

Totals:  50-100;  10-50;  5-10;  1-5;  0.5-1 
-A-  AZdns:  50-100;  10-50;  5-10;  1-5; 0.5-1 
-0-8  Zone:  5-10;  1-5;  OJS-1 
C  Zone:  5-10;  1-5;  0.5-1 


HGURE  K-12 
CUMULATIVE  OF 
Cis-1,2-DCE  VERSUS  VOLUME 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CAUFORNIA 
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■  IbMK  S0O-1000;10(KS00;5O-10Q;  1040;  5-10;  1-5;  0.5-1 
-AZom:  500-1000;  100-500; 50-100;  10-50; 5-10;  1-5; 04-1 
-BZofW:  1-6;04-1 


FIGURE  K-14 
CUMULATIVE  MASS 
OF  PCE  VERSUS  VOLUME 

QROUNOWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO.  CAUFORMA 
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LEGEND 

The  following  TCE  iaoplettis  tware  used  in  ttie 
aummaifon  m  eumulaave  mass  and  cumulaiiva  volums: 

Totals:  SOO-1000;  100-500;  50-100;  10-50;  5-10;  1-5;  0.5-1 
-A-  AZone;  500-1000;  100-500;  50-100;  10-50;  5-10;  1-5; 0.5-1 
B  Zona:  0.5-1 
CZone:  1-5;  0.5-1 


HGURE  K-15 
CUMULATIVE  MASS  OF 
1 ,1  -DCE  VERSUS  VOLUME 

GROUNOWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO.  CALIFORNIA 


The  folowing  ole-1.2-OCE  laoplelhe  waie  uaed  in  ttie 
aummalion  of  cumuMM  inaaa  and  cumulalive  Mjiume: 


Totata:  500-1000;  10(^500;  50-100;  10-50;  1-S;  O.S-1 
A  Zbne:  500-1000;  100-500;  50-100;  10-50;  1-5;  0.5-1 
-BZone:  0.5-1 
CZone:  l-5;0.5-1 


HGURE  K-16 
CUMULATIVE  MASS  OF 
1 .1 ,1-TCA  VERSUS  VOLUME 

QROUNOWATER  OPERABLE  UNIT  RI/FS 
MCCLELLAN  AIR  FORCE  BASE 
SACRAMENTO.  CAUFORMA 
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llie  following  assumptions  regarding  the  physical  groundwater  system  were  made  in 
performing  the  mass  estimates: 


•  Porosity  =  0.48 

•  Water  saturation  =  100  percent 

•  Saturated  water  content  by  weight  =  0.34 

•  Dry  bulk  density  =  1.4  g/cm^ 

•  Percent  of  organic  carbon,  f^^  =  0.30  percent 

•  Wet  bulk  density  =  1.9  g/cnr 

The  thicknesses  of  the  aquifer  zones  were  calculated  in  the  following  manner  by  using 
the  bottoms  of  Monitoring  Zones  A,  B,  and  C  presented  in  the  PGOURI  (Radian, 
1992): 

•  The  thickness  of  the  A  zone  was  calculated  from  the  difference  between 
the  Januaiy  1993  water  levels  and  the  bottom  of  the  A  zone. 

•  The  thickness  of  the  B  zone  was  calculated  from  the  difference  between 
the  bottom  of  the  A  zone  and  the  bottom  of  the  B  zone. 

•  The  thickness  of  the  C  zone  is  calculated  from  the  difference  between 
the  bottom  of  the  B  zone  and  the  bottom  of  the  C  zone. 


The  thickness  of  these  zones  varies  Basewide  and  significantly  affects  the  volume  of 
the  contaminated  aquifer  and  subsequently  the  estimation  of  VOC  mass. 

MeUutdohgy 


The  following  section  presents  the  equations  that  govern  the  distribution  of  con¬ 
taminant  mass  between  the  aqueous  and  sorbed  phases. 

The  concentration  of  sorbed  contaminants  is  related  to  the  concentration  of  contami¬ 
nants  in  solution  by  the  foUowing  relationship: 

C,  =  K,xC, 

where 


is  the  concentration  sorbed  to  soil  in 
is  the  concentration  in  water  in 


mass  contaminant 
mass  soil 
mass  contaminant 


vol  water 


Kj  is  the  partition  coefficient  *  F 
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Table  K-4  presents  the  partition  coefficients  used  in  the  mass  estimates. 


Table  K-4 

Parameters  Used  In  Mass  Estimate  Calculations 

foe 

VOC 

(cm'’/gram 

(%) 

Kd 

TCE 

126 

0.30 

0.378 

cis-l,2-DCE 

32 

0.30 

0.096 

U-DCA 

14 

0.30 

0.042 

PCE 

661 

0.30 

1.98 

1,1,1-TCA 

151 

0.30 

0.453 

1  1,1-DCE 

65 

0.30 

0.195 

1  Source:  U.S.  EPA,  1990. 

The  mass  of  contaminants  in  solution  and  sorbed  to  the  soil  are  related  to  the  volume 
of  matrix  and  the  contaminant  concentration  in  that  matrix  in  the  following  manner: 


Mass  Sorbed: 


(l-n) 


Mass  in  Groundwater: 


K  =  c,  K 

=  "Pw 

where: 

Pjbu  ^  ^  ^  density  of  the  soil 
is  the  density  of  water  at  60°F 
It  =  water  filled  porosity  of  aqu^r 

Therefore,  the  total  mass  of  contaminant  in  a  volume  of  contaminated  aquifer  is 
defined  by: 
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Mass  Total: 


=  PsoU  Pw 


The  maximuni  COC  concentration  measured  at  each  well  between  January  1988  to 
January  1993  were  used  to  calculate  the  mass  estimates.  The  mass  and  volume  of 
contaminated  aquifer  in  each  of  the  following  contotns  was  estimated  to  be  0.5,  1,  5, 
10,  50,  100,  500,  1,000,  and  10,000  /ig/1.  The  outer  boundary  contour,  set  at  a  value  of 
O,  was  determined  by  the  background  level  target  volumes  previously  determined  for 
each  zone.  The  mass  of  TCE,  cis-l,2-DCE,  PCE,  1,2-DCA,  1,1,1-TCA,  and  1,1-DCE 
between  each  contour  and  the  eissociated  volume  of  aquifer  between  each  contour  are 
presented  in  Table  K-5.  The  average  contaminant  concentration  between  each 
contour  interval  was  used  to  determine  the  mass  within  the  contours.  The  cumulative 
mass  versus  volume  graphs  in  Figures  K-11,  K-12,  K-13,  K-14,  K-15,  and  K-16 
summarize  the  massA'oliune  relationship  based  on  these  calculations.  For  example, 
the  first  daij  point  represents  the  mass  and  volume  within  the  10,000  fig/l  contour; 
the  second  data  point  represents  the  summation  of  the  mass  and  volume  within  the 
10,000  ftg/l  contour  and  the  1,000  to  10,000  fig/l  contour. 

The  GSAP  results  for  the  VOCs  of  concern  for  all  McQellan  AFB  monitoring  wells 
are  presented  in  Table  K-6. 
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Table  K<5 

COC  Mass  and  Contaminated  Aqalfer  Vohune  By  C 
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Table  K-5 

COC  Man  and  Contandaatad  Aquifer  Volume  By  Concentration  Contour  Intervals 

Groundwater  Operable  Unit 
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Table  K-6 

VOC  GSAP  CoBcaatratioBa  to  TMrd  Quarter  1993  SauipUBg  Period 


LocbUob 

ID 

LoiDale 

io-dca 

l.l-OCE 

<-14-DCE 

PCE 

1,1,1-TCA 

TCE 

VC 

Rbfcte 

Patkwajn 

Opvabk 

Unit 

ZOM 

MW-OOOt 

31.Mar-82 

0 

0 

1  0 

0 

0 

0 

0 

G 

ATF 

MW-a004 

02-00-84 

0 

- G - 

ATF 

MW-0006 

30-Mar-82 

0 

0 

0 

24  i  0 

7.49E-06 

B 

A 

MW-0006 

01-00-84 

_ _ 

0 

B 

A 

MW-0006 

13-)un-83 

0 

0 

!  0 

0 

86.2 

0 

2.69E-03 

B 

^  A 

MW.0007 

17-MV-82 

0 

0 

0 

0 

30 

0 

9.36E-06 

B 

^  A 

MW-0007 

29-MV-82 

0 

0 

0 

0 

29 

0 

9.05E-06 

B 

A 

MW-0007 

21-S«|).84 

0 

B 

A 

MW.0007 

31-May-8S 

0 

0 

0 

0 

38.2 

0 

1.93E-05 

B 

A 

MW-0007 

28-A{ir-89 

0 

0 

0 

0 

26 

0 

1.09E-05 

B 

A 

MW-0007 

04-Aiig-89 

0 

0 

0 

0 

29 

0 

9.05E4)6 

B 

A 

MW-0007 

04-Aug-89 

0.5 

0 

0 

0 

30 

0 

9.05E-06 

B 

A 

MW-0007 

1  l-Oec-89 

0 

0 

0 

0 

36 

0 

1.36E-03 

B 

A 

MW-0007 

n-Dec-89 

1.3 

0 

0 

0 

45 

0 

1.36E-05 

B 

A 

MW.0007 

07.Feb-90 

0 

0 

0 

2.8 

47 

0 

1.47E-05 

B 

A 

MW-0007 

25-Apr-90 

0 

0 

0 

0 

41 

0 

1.66E-05 

B 

A 

MW-0007 

2S-A|i:-90 

0.3 

0 

0 

0 

40 

0 

1.66&05 

B 

A 

MW-0007 

02-Jul-90 

0.26 

0 

0 

0 

36 

0 

1.38E-05 

B 

A 

MW.0007 

29-00-90 

0 

0 

0 

0 

30 

0 

1.14E-05 

B 

A 

MW-0007 

lO-Jaii.91 

0.48 

0 

0.46 

0.23 

23 

0 

1.72E4)5 

B 

A 

MW.0007 

lO.Jaii-91 

0.77 

0 

0.99 

0 

39 

0 

1.72E-05 

B 

A 

MW-0007 

01-Mty-9I 

0 

0 

0 

0 

31 

0 

9.68E-06 

B 

A 

MW.0007 

Ol.Aiig-91 

0.45 

0 

0 

0 

24 

0 

1.02E4)5 

B 

A 

MW-0007 

Ol-Aug-91 

0.74 

0 

0 

0 

23 

0 

1.02&05 

B 

A 

MW-0007 

09-0O-91 

0.83 

0 

0 

0 

26 

0 

1.70E4)5 

B 

A 

MW-0007 

29.Jan-92 

0.78 

0 

0 

0 

39 

0 

I.99E-05 

B 

A 

MW-0007 

23-Jul-92 

0.76 

0 

19 

0 

0 

19 

0 

9.69E-06 

B 

A 

MW.0007 

19-00-92 

0.54 

3.6 

13 

0 

0 

0 

1.06E-05 

B 

A 

MW-0007 

26-110-93 

0.34 

0 

13 

0 

0 

21 

0 

1.18E4» 

B 

A 

MW.0007 

26-140-93 

0.4 

0 

16 

0 

0 

24 

0 

1.18E-05 

B 

A 

MW.0007 

09-Apr-93 

0.33 

0 

16 

0 

.  0 

28 

0 

2.58E4)5 

B 

A 

MW-0007 

21-lul-93 

0.456 

0 

13.20 

0 

0 

21 

0 

1.93E-03 

B 

A 

MW.0008 

31.MO-82 

C 

0 

0 

0 

61 

0 

1.90E-05 

A 

A 

MW.0009 

31-MO-82 

0 

0 

0 

0 

0 

0 

0 

A 

A 

MW-0009 

28-Apr-82 

0 

0 

0 

0 

225 

0 

1.88E-04 

A 

A 

MW.0009 

3aSep-84 

0 

A 

A 

MW-0009 

16-lua-85 

0.2 

0.4 

0 

0 

134 

0 

9J2E-05 

A 

A 

MW-OOIO 

30-Mat-82 

17 

500 

0 

0 

140 

0 

8.03E-05 

D 

A 

MW-OOIO 

20-lua-85 

94.7 

1500 

64.9 

327 

826 

0 

5.56E4)4 

D 

A 

MW-OOlO 

26-00-87 

330 

1100 

0 

21 

910 

810 

2.22E-02 

D 

A 

MW-OOIO 

07-A|it-88 

390 

910 

2.4 

36 

1500 

400 

1.18E4)2 

D 

A 

MW-OOIO 

22-lul-88 

410 

1400 

0 

0 

2100 

360 

l.lOE-02 

D 

A 

MW-OOIO 

20-0O-88 

270 

1000 

0 

23 

1600 

100 

3.71E-03 

D 

A 

MW-OOIO 

25-laa-89 

270 

900 

0 

0 

1300 

73 

2.91E-03 

D 

A 

MW-OOIO 

25-A|«.89 

r  320 

430 

0 

12 

810 

51 

2.28E-03 

D 

A 

MW-OOIO 

04-Aii(-89 

280 

390 

0 

0 

1100 

49 

2.24E4)3 

D 

A 

MW-OOIO 

29-Oec-89 

7000 

370" 

0 

0 

1300 

0 

1.54E4)2 

D 

A 

MW-OOIO 

21-Feb-90 

250 

350 

0 

30 

780 

0 

7.82E-04 

D 

A 

MW-OOIO 

27-A{ir-90 

350 

0 

0 

1000 

0 

l.t2Er(M 

D 

A 

MW-OOIO 

27-A|)r-90 

200 

730 

0 

0 

1100 

0 

7.82E4)4 

D 

A 

MW-OOIO 

30-A|ir-91 

210 

370 

0 

0 

790 

0 

6.99B4)4 

D 

A 

MW-OOIO 

24.IU1-92 

no 

250 

0 

0 

0 

400 

0 

3.64B4)4 

D 

A 

MW-OOIO 

06-A|it-93 

120 

170 

0 

0 

0 

390 

0 

8.64E4)4 

D 

A 

MW-OOIl 

30-MV-82 

0 

19300 

10 

4300 

2100 

20 

2.02E4>3 

D 

A 

MW-OOll 

18-Aut-82 

0 

63000 

0 

12000 

5000 

0 

1.56E^3 

D 

A 

MW-oon 

19-S«p44 

0 

D 

A 

MW-OOU 

»>-lua-8S 

0 

64300 

2480 

18100 

11900 

0 

7.54E-03 

D 

A 

MW-oon 

27-00-87 

0 

40000 

0 

6900 

3600 

0 

4.48E-03 

D 

A 

MW-oon 

06-Apr-88 

86 

17000 

25 

3800 

6200 

13 

2.81E-03 

D 

A 

MW-oon 

25-lttl-88 

0 

20000 

0 

2700 

2900 

0 

9.05E4)4 

D 

A 

MW-oon 

3i-lao-89 

0 

19000 

0 

5600 

2900 

0 

9.05E-04 

D 

A 

F'wanVk^jaunnlVmiiXrABLEKdJaS  P>gelof60  03/11/94 


Table  K-6 

VOC  GSAP  Cooccntnlioiu  up  to  Third  Quarter  1993  SampUng  Period 


ID 


Mw-oon 


Mw-oon 


MW-OOU 


MW-OOU 


MW-OOIl 


MW-OOU 


MW-OOU 


MW-OOU 


Leg  Dale 


27-Apr-«9 


1,1-DCE  I  c-lJ-DCE 


14000 


MW-0014 

U-May-90 

MW-0014 

30-JU1.91 

MW-0014 

26-Jas-93 

MW-0014 

06-Apr-93 

MW-0014 

06.Apr-93 

MW-0015 

29-Apr-82 

MW-0015 

18-Ai«-S2 

MW-OOIS 

18-Sep-84 

MW-0015 

16-JUD-85 

MW-OOlS 

2643ct-87 

MW-0015 

06-Apr.88 

MW-0015 

22.JUI-88 

MW-0015 

2(K)ct-88 

MW-0015 

25-Jaa-89 

MW.0015 

26-Apr49 

MW-0015 

03-Aiif-89 

MW-0015 

2S-Dec-89 

MW-0015 

15-Feb-90 

MW.0015 

07-May-90 

l.Ll-TCA 

TCE 

VC 

Riikfor 

Palhwayi 

Operable 

Unit 

2100 

2000 

0 

6.24E-04 

D 

2800 

2800 

0 

8.74E-04 

i  D 

2900 

3000 

0 

8.74E-04 

1  D 

VOCGSAPCaiK— trartofp  to  Tiyrd  Q— Iter  1993  SmpIlBt  Period 


ID 


MW.0015 


MW-0015 


MW^IS 


MW4)0t5 


MW-0016D 


MW-0016D 


MW.0016D 


MW-0016D 


MW-0016S 


MW-0016S 


MW-0016S 


MW-0016S 


MW4)0I7D 


MW-0017D 


MW4X)17D 


MW4»17D 


MW-0017D 


MW^lTD 


MW-0017D 


MW-0017D 


MW^lTD 


MW^lTD 


MW-0017D 


MW-0017D 


MW-0017D 


MW^lTD 


MW-0017S 


MW-00I7S 


MW4W17S 


MW-OOI7S 


MW4X»>0 


MW-0018D 


MW.0018D 


MW-0018D 


MW-0018D 


MW-0018D 


MW.0018D 


MW4)018D 


MW^18D 


MW-0018O 


MW4)018D 


MW^18D 


MW4)018D 


MW4W18D 


MW4)018D 


MW4)018D 


MW4X)18D 


MW-OOUD 


MW4)018D 


MW.0018S 


MW^18S 


MW-a)18S 


MW-0018S 


MW4)01«> 


MW^19D 


MW-00I9D 


MW.0019D 


MW^19D 


MW.00I9D 


MW.00I9D 


MW-00I9D 


LagDelt 


07-Mey-90 


t9-Jul-91 


13-Jaii-93 


28-lul-93 


16-JU1I.82 


17-Aug-82 


24-Sq>44 


14-JUII-8S 


l^Ju]^82 


17-Aug-82 


26^ep^ 


30-Mey-8S 


16-JUII-82 


17-Aiig-82 


26-Sep-84 


30-Mey-8S 


14-Mey-87 


ll-Aug-87 


22-Oa-87 


77-J«a.88 


08-A|»-88 


21-JU1-88 


18-Oct-88 


27-Dec49 


30-Jul- 


16-Jul-91 


16-)uii-82 


17-Aut-82 


t3-Sq>-84 


05-)uii-8S 


lS-lua-82 


l6-Aug-82 


25-Se|>44 


14-JUII-8S 


28-Mte-8« 


01wOct-8« 


12-;aa-87 


29-Apr47 


ll-Aiig-87 


OS-Oc(-87 


22-JIB-88 


27-Apr-88 


I8-JUI-8S 


l(M)a-88 


1200-89 


30-Jui-90 


2S-)ul-91 


1000-91 


06-Feb-92 


15-JUII-82 


lfr-Ai«-82 


294«p-84 


06-JUD-8S 


2»-Apr42 


16-Au(-82 


09-AIV-83 


13-Sep44 


16-l<m-8S 


2600-87 


08-Apr48 


21-00-88 


UcaUoa 

ID 

Log  Doll 

MW-0019D 

ll-Ju-90 

MW.0019D 

ZS-Feb-90 

MW-0019D 

30-A|gr-90 

MW-0019D 

lO-Oci-90 

MW-0019D 

Z4-Jul-9I 

MW-0019D 

Z7-J«ii-93 

MW-0019S 

16-Aug-8Z 

MW-0019S 

09-Aug-83 

MW-0019S 

14-S«(i-84 

MW-0019S 

14-Jiia-83 

MW-0019S 

16-OCI-86 

MW-0020D 

28-Apr-8Z 

MW-0020D 

U-Aug-82 

MW-0Q2(X> 

19^«|>-84 

MW-002QD 

18-;uii-85 

MW-0020D 

Z7-OCI-86 

MW-0020D 

29-1*0-87 

MW-0020D 

0S-M*r-87 

MW-0020D 

28-JUI-87 

MW-002(X> 

12-Oct-87 

MW-OOZOO 

22-1*0-88 

MW-OOZOD 

11-A|>48 

MW-002(X> 

13-1U1-88 

MW-002(» 

07-Oct-88 

MW-0Q20D 

23-1*0-89 

MW-OQZOD 

ll-A|x-89 

MW-OOZOD 

14-liil-89 

MW-OQ2W> 

09-Oct-89 

MW-00200 

23-1*0-90 

MW-002(K) 

H-Apt-90 

MW-O02(» 

12-1U1-90 

MW^XBOD 

10-1*0-91 

MW-0020D 

26-lul-91 

Mw-ooa® 

19-Apr-93 

MW-0020S 

2S-Msy-82 

MW-002C6 

ll-Au(-82 

MW-0020S 

3aS«p-84 

MW-0020S 

03-1UO-83 

MW-0020S 

27-OCI-86 

MW.0021D 

lS-luii-82 

MW-OQ21D 

17-S«|>44 

MW-OQZID 

03-1IIO-83 

MW-0021D 

19-MV-86 

MW-00210 

3aSep46 

MW-OOZID 

21-1*0-87 

MW-0021D 

01-M*y-87 

MW-0021D 

14-Aii(-87 

MW-OQZlD 

17-Oc*-87 

MW-0021D 

23-1*0-88 

MW4X)21D 

13-A|it-88 

MW-OQZID 

18-1U1-88 

MW-OOZlD 

18-Oc(-88 

MW-OQZID 

23-1*0-89 

MW-OQZID 

18-Apr-89 

MW-OOZID 

17-lul-89 

MW-OQZID 

16-Deo49 

MW-OQZID 

31-1*0-90 

MW-OQZID 

13-A|ir-90 

MW-OQZID 

12-lul-90 

MW-OQZID 

lS-Ocl-90 

MW-OQZID 

10-1*0-91 

T*UcK-« 

VOC  GSAP  CMKMtnttMf  ap  lo  Third  Quuter  1993  SMBpItot  Period 


IJ-DCA  1,1-DCE  c-I^OCE 


Bidcior  0|Hrabk 

Piih««]«  Vail  Z<ac 


VOC  GSAP  OMMOrtratlau  lo  TWrd  Qwt«r  1999  SMBpIkig  Period 


ID 


MW-0Q23O 


MW-0Q23D 


MW-00240 


MW-0a24D 


MW-Oa24D 


MW-0024D 


MW-0024D 


MW-OOMO 


MW-0024D 


MW-0024D 


MW-0024D 


MW-«n4D 


MW.00240 


MW-<U24S 


MW-Q024S 


MW-0024S 


MW-Q024S 


MW-OOZSD 


MW-OQZSD 


MW-0Q25D 


MW-00Z5D 


MW-00Z5D 


MW-OQZSD 


MW-OOZSD 


MW-OQZSD 


MW-OQZSD 


MW-OQZSD 


04-Feb-91 


MW-0QZ3D  Ol-Aiig-91 


MW-OQZ3D  07-Oa-9I 


MW-OQZ3D 


MW-0QZ3D 


MW-0023D 


MW-0aZ3D 


MW-0QZ3D 


MW-0QZ3S 


MW-0QZ3S 


MW-00Z3S 


MW-0QZ3S 


14-Jaa-9Z 


06-Jul-9Z 


Q7-Oct-9Z 


07-J«b-93 


Zl-Jiil-93 


ZS-Apr-tZ 


13-Aug-IZ 


29^5<|vS4 


03-Ju>-tS 


MW-0QZ4D  ZS-Apr-SZ 


MW-OQZ4D  I  IZ-Aug-IZ 


Z7-Sep44 


07-JttB-8S 


MW-OQZ4D  I  ZO-Mv-86 


MW-0QZ4D  ZZ-IU-S7 


MW-00Z4D  OS-May-87 


MW-00Z4D  i9-Aiig-87 


19-Ja>-88 


Zl-Apr-88 


lZ-Iiil-88 


13-JaD-89 


tl-AiX-89 


18-IUI-89 


MW-OQZ4D  ZO-Dec-89 


MW-OOZ4D  16-IU-90 


Z0-A{v-90 


lS-Oct-90 


MW-00Z4D  09-May-91 


MW-00Z4D  Zl-Jal-93 


Z8-A|r-8Z 


l^All(-8Z 


lZ-Sep44 


02-JUD-8S 


IS-Jmi-8Z 


MW-OQZSD  I  tZ-Aog-SZ 


MW-OQZSD  I  ZS-S€|>44 


13-An-8S 


Zl-0(*-88 


24-J»89 


24-Jao-89 


24-A|>-89 


MW-OQZSD  01-Ai«-89 


MW-OQZSD  Ql-Aaf-89 


MW-OOZSD  Z9-Dec-89 


MW-OQZSD  3l-)a»-90 


lO-Apr-90 


02-JU-90 


10-00-90 


lO-lea-91 


MW-OQZSD  I  08-Agr-91 


MW-OQZSD  17-M-91 


MW-OOZSD  Zl-Jat-93 


MW-OOZSS  IS-iuMZ 


MW-OOZSS  I^Al«-SZ 


MW-OOZSS  Z9-S«p44 


MW-OOZSS  30-Mey-SS 


rteM\di^..wamlVMH'<rABlEK-6XLS 


OlNTririe 

Veil 


B 


h((6ofi0 


MW.<MStD  I  07.Ai«-l7 


rWM^^jwiinlWooia'ABLEt&XU 


P>teTor60 


TaUcK-« 

VOC  GSAP  CMMOrtnHoH  to  TMi4  QMiter  1993  SMipIlM 


UtllMi 

MW-0Q2aD 

Z343CI-S7 

MW-0028D 

Z7-}as.SS 

MW.00280 

13-A|ir-SS 

MW-OOZSO 

Zl-Iul-SS 

MW-002ID 

13-Ocl-SS 

MW-OOZSD 

Z3-Iaii-S9 

MW-002SD 

lZ-A|ir-S9 

MW-OQZSD 

ZS-iui-S9 

MW-OOSSD 

19-Dw49 

MW-OCOSD 

Z4-Jaii-90 

MW-OdZSD 

24-A(it-90 

MW-002SD 

lS43ct-90 

MW-OQZSD 

IO-May-91 

MW-OQZSD 

16-Apr-93 

MW-002SS 

16-}iia-SZ 

MW-0QZ9D 

ZS-Apr-SZ 

MW-OQZ9D 

16-Aug-SZ 

MW-0QZ9D 

01-OGt-S4 

MW-0QZ9D 

17-Jiiii-SS 

MW-OQZ9D 

03-A|ir-S6 

MW-0QZ9D 

Ol-Oct-S6 

MW-OQZ9D 

lS-}aii-S7 

MW-0QZ9D 

Z9-Apr47 

MW-00Z9D 

irAu(-S7 

MW-0029D 

24-Oct-S7 

MW-00Z9D 

19-Jaii-SS 

MW-OQZ9D 

12-A|»-SS 

MW-0QZ9D 

12-lul-SS 

MW-002«> 

13-Oot-SS 

MW-OQZW 

1S-OW-S9 

MW-0QZ9D 

19-Oa-90 

MW-0029S 

ZS-A|V-S2 

MW-0029S 

16-Aiig-S2 

MW-0030S 

IS-Jua-SZ 

MW-a030S 

17-Aug-S2 

MW-0030S 

lS-Scp44 

MW-0030S 

13-Juii-SS 

MW-0031S 

16-JU1I-S2 

MW-0031S 

17-Aug-S2 

MW-0031S 

23-&P44 

MW-0031S 

n-Iua-S3 

MW-0031S 

2S-MV-S6 

MW-a031S 

ZM<»-S7 

MW-003IS 

29LApr-S7 

MW-ODIS 

12-Ai^S7 

MW-003IS 

27-OCI-S7 

MW-0031S 

27-IuhSS 

MW-0031S 

13-A|)r-SS 

MW-0033S 

29lS(pS2 

MW-0033S 

07-Ju»8S 

MW-0033S 

07-lua-SS 

MW-0033S 

3043CI-S6 

MW-0033S 

29^JaD-S7 

MW-a033S 

29-Iia-S7 

MW-0033S 

16-AFr-S7 

MW-0033S 

16-Apr-S7 

MW-0033S 

31-Ail-S7 

MW-0033S 

31-Jiil-S7 

MW-0033S 

17-S«p47 

MW-0033S 

26-Oct47 

MW-0033S 

OS-lw-U 

U«CA  1.1-DCE 


l,U-TCA 


4J7&07 


3.12&06 


5.4(«4>4 


3.12E4)6 


3.4(e4>4 


3.I2E-06 


1.32E-07 


6.31E-04 


7.04E4)3 


7.04E4)3 


S.14E03 


7.3SE4)3 


7J8E-03 


S.38&03 


I.40E-02I 


1.4(£4)2 


6.S4E4)3 


1.09E4)2 


6.S6E-03 


Tay(K-6 

VOC  GSAP  CaaoMnllMM  to  TUr4  QhiUt  1993  Swaplhg  PciM 


IKES 

UtMto 

WMKA 

Ll-OCI 

e-U-DCB 

ret 

tLl-TCA 

TCX 

VC 

IHd 

Xtm 

MW-0033S 

2S-A|V-U 

430 

1.7 

26 

1.4 

26000 

maa 

9.37E4)3 

c 

A 

MW-0033S 

21-lul-U 

0 

0 

0 

0 

28000 

0 

c 

A 

MW-0033S 

21-Jiil-U 

0 

0 

_ 1 

0 

0 

38000 

0 

c 

A 

MW.0033S 

II-Ogi-M 

400 

0 

0 

0 

27000 

9.27E-03 

c 

A 

MW4)033S 

ll-la»49 

200 

0 

0 

0 

17000 

_ Oj 

3.73&03 

C 

A 

MW-0033S 

0«-Apr-t9 

0 

0 

0 

0 

17000 

3.30E-03 

c 

MM 

MW-0033S 

25-liii-(9 

0 

0 

0 

0 

12000 

0 

3.74E-03 

c 

MW-0033S 

13-Dec49 

0 

0 

0 

0 

12000 

0 

c 

■a 

MW-0033S 

29l;m-90 

0 

0 

0 

0 

12000 

3.74&03 

c 

A 

MW-0033S 

26-A|a-90 

0 

0 

0 

0 

26000 

0 

8.10E43 

c 

A 

MW-0036S 

29uS«p42 

0 

0 

0 

0 

5 

TsS&of 

c 

MM 

MW-a>36S 

n-SapM 

0 

c 

MW-0036S 

06-)ua-8S 

0 

0 

0 

0 

2.9 

0 

9.05E47 

c 

IQI 

MW-0036S 

14-A|»-<7 

0 

c 

A 

MW-0036S 

16-A|v47 

0 

0 

0 

0 

3.4 

0 

2.10B-06 

c 

A 

MW-0036S 

16-Ai)r-r7 

0 

0 

0.3 

0 

3.7 

2.10&06 

c 

A 

MW-a036S 

0 

0 

0 

0 

3.3 

0 

2.11E46 

c 

A 

MW.a>36S 

21-001-87 

0 

0 

0.33 

0 

1.8 

1.71E46 

c 

A 

MW-a036S 

13-}aa4S 

0 

0.24 

0 

0 

1.9 

0 

5.93E4J7 

c 

A 

MW.0036S 

ll-A|ir-88 

0 

0 

0 

0 

2.3 

0 

1.12&06 

c 

A 

MW-0036S 

n-A|ir-M 

0 

0 

0 

0 

2.6 

0 

1.12E-06 

c 

A 

MW-0036S 

25-Oc(-U 

0 

0 

0 

0 

1.8 

3.62E-07 

c 

A 

MW-0037 

284«p42 

0 

0 

0 

0 

0 

0 

0 

c 

A 

MW-003tD 

27-S4p42 

0 

soo" 

0 

33 

30 

0 

141E43 

D 

WSM 

MW-003(D 

09-Aiat-83 

0 

370 

2.8 

120 

32 

0 

5.89E-03 

D 

KM 

MW-OtBSD 

27-00-83 

100 

2000 

3.2 

170 

140 

420 

1.13E4)2 
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3.1 

0 

0.21 

2.3 

0 

7.18E47 

D 

B 

MW-OOS9 

OS-Apr-SS 

0 

0.S3 

0 

0 

0.49 

0 

1.53E-07 

D 

B 

MW-OQS9 

06-/UI-8S 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-Oa59 

ll-Op-SS 

0 

0 

0 

0 

0.23 

0 

7.18E4)8 

D 

B 

MW-00S9 

Q3-J«a-89 

0 

0.11 

0 

0 

0 

0 

0 

D 

B 

MW-OQ59 

04-Apr-S9 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OOS9 

0I-Aug-S9 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-00S9 

lO-Oct-89 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OOS9 

24-Jaii-90 

0 

0 

2.3 

0.3 

0 

0 

2.9S&06 

D 

B 

MW-0059 

l^Apr-90 

0- 

0 

0 

0 

0 

0 

0 

D 

B 

MW-0059 

O6-J11I-9O 

0 

0 

0 

0 

0 

0 

8.30&08 

D 

B 

MW-00S9 

07-NOV-90 

0 

0 

0 

0 

0 

0 

1.99E-0r7 

D 

B 

MW-0059 

23-JU-91 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OOS9 

I3-Mar-91 

0 

0 

0 

0 

0 

0 

0 

0 

B 

MW-OQS9 

lO-Iul-92 

0 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-0059 

20-IUI-93 

0 

0 

0 

0 

0 

0 

0 

4.46&07 

D 

B 

MW-0060 

2»Ocl-S6 

0^ 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

13-/aa-S7 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

24-A(c-S7 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

13-Ai«-S7 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

23-OCI-S7 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

22-Jaii-8S 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

18-Aiv-SS 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

20-Jul-U 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-OOSO 

iaOo(4S 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

13-Jaa49 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

U-A(r-S9 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

17-/til49 

- o' 

- o' 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

094>cl49 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

30-/U-90 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0060 

i2-Avr-90 

0 

0 

0 

0 

0 

0 

0 

C 

A 

.  MW-0060 

lAOc(-90 

0 

0 

0 

0 

0 

0 

1.04E4)7 

C 

A 

I  MW-0060 

17-/01-91 

0 

0 

r 

0 

0 

0 

0 

C 

A 

MW-0061 

19-MV-S6 

0 

0 

0 

0 

3.1 

0 

9.68E4)7 

C 

A 

MW-0061 

01-Om»46 

0 

0 

0 

0 

7.4 

0 

2.31E-06 

C 

A 

MW-0061 

29-/a>47 

0 

0 

1 

0 

0 

22 

0 

7.0SE-06 

C 

A 

rViMVliV.WMrdWai«VABLEK4JCU  PHeUofCO  OSni/94 


MW-006t 


MW43061 


MW^l 


MW-0061 


MW-0061 


MW^l 


MW-0061 


MW.0061 


MW.0061 


MW-0061 


MW-0061 


MW-0061 


MW-0061 


MW-0061 


MW-0061 


MW-0062 


MW-0062 


MW-0062 


MW-0062 


MW-0062 


MW-0062 


MW-0062 


MW-0062 


UtIMt 


07-May-r7 


07-Auf-87 


13-Oct-87 


19-JaB-88 


22*Apc*8S 


20-JUI-88 


07.Oa-88 


20-laB-89 


12-A{ic-89 


12-A|)r-89 


01-Ai«-S9 


OS-Ju-M 


07-AUC-90 


25-OCI-91 


26-;aa-93 


26-A{if-88 


26-Jiil-88 


07-Oct-88 


ll-liD-89 


ll-A^-89 


28-Jul-89 


13-Dec-89 


23-Jia-90 


TaM*K-< 

VOC  GSAP  CoMatnUiiM  ip  to  TMrd  QMfter  1993  SwipIMg  Period 


U-DCA  1,1-DCK  I  c-lJ-DCE 


MW-0062 

l|.A|ir-90 

MW-0062 

18.JU1-90 

MW-0062 

16-001-90 

MW-0062 

oi-ra>-9i 

MW-0062 

23.A|ir-91 

MW-0062 

OZ-Aut.91 

MW-0062 

26.Iiil.93 

MW-0063 

02-'Apr*86 

MW-0063 

02-A|ir-86 

MW-0063 

2S-NOV-86 

MW-0063 

23-NOV.86 

MW-0063 

27-Jaa-87 

MW-0063 

ll-M»y-87 

MW-0063 

14-Ai«-87 

MW-0063 

22-00147 

MW-0063 

23-31^88 

MW-0063 

lS.Ap(48 

MW-0063 

15-3al-88 

MW-0063 

07-001-88 

MW-0063 

19L;an-89 

MW-0063 

19lJw49 

MW-0063 

13.A|ir-S9 

MW-0063 

13-Apr-<9 

MW-0063 

06-M-89 

MW.0063 

ll-Ocl-89 

MW-0063 

11-001-89 

MW-0063 

16.Jm.90 

MW-0063 

26.Apr-90 

MW-0063 

07.AIW-90 

MW-0063 

07.Ai«-90 

MW-0063 

06-NOV.90 

MW-0063 

lS.JaB-91 

MW-0063 

08-May^91 

MW-0063 

08-M*yu91 

MW.0063 

Oe-ABt-91 

MW.0063 

23-00691 

MW.0063 

2300691 

t:'uMMi\i.juaimlto«^a'ABLEK«XLS 


ht«  140(60 


B 


B 


B 


OSni/94 


15-Dec-89 


2&-Feb-M 


02-May-90 


02-May-90 


06-Ai«-90 


l&-0ec-90 


(H-Ftb-91 


09-A|»-91 


02-Aug-9l 


ll-Oct-91 


2S-A|it-«9 


26-Jul-S9 


t9-Dec-«9 


19-M-90 


12-May-90 


07-Aiig-90 


lS-Oct-90 


Q5-FM>-91 


29>A|S-9t 


08.Aut-91 


OtOGt-91 


(M-Fgb-92 


2»-M-92 


21-Oi»-92 


I8-;w-93 


20.MV-S6 


17-OGt-S6 


23-Jaa-87 


06.M»y-S7 


15-Ai«-r7 


2(VOct-t7 


26-/aMS 


26-Apr-SS 


IMul-M 


ll-Oel-M 


03-Jaa^ 


02-M»y-90 


r'OHRVliV.WBmniMnfa'ABLEX-jJCLS 


ftfel5of60 


LocathM 

ID 

Leg  Date 

MW-0068 

07-Aug-87 

MW-0068 

23-Oct-87 

MW-0068 

2S-Jaii-88 

MW-0068 

08-APC-88 

MW-0068 

20-1U1-88 

MW-0068 

2S-Oct-88 

MW-0068 

ll-Dec-89 

MW-0068 

Ol-May-90 

30-0ct-90 

MW-0068 

09-May-91 

MW-0068 

22-Apr-93 

Table  K-6 

VOC  GS.\P  OmccatnriiaM  up  to  TUrd  Quarter  1993  SampMug  Period 


l^DCA  1,1-DCE  e-lO-OCE 


MW-0069 


MW-0069 


MW-0069 


MW-0069 

Ol-Aug-87 

MW-0069 

20-Oct-87 

MW-0069 

23-110-88 

MW-0069 


MW-0069 


MW-0069 


MW-0069 


MW-0069 


MW-0069 


MW-0070 


MW-0070 


MW-0070 


MW-0070 


MW.0070 


MW-0070 


MW-0070 


MW-0070 


MW-0070 


MW-0070 


MW-0070 


MW-0070 


MW-0070 


MW-0070 


MW-0071 


MW.0071 


MW-0071 


MW-(W71 


MW-0071 


MW.007i 


MW-0071 


MW-0071 


MW-0071 


MW-0071 


MW-0071 


MW-0071 


MW-0071 


MW-0071 


MW-0071 


MW-0071 


MW-0072 


MW-0072 


MW-0O72 


MW-0072 


MW-0072 


05-Oct-88 


12-Dec-89 


Ol-Aug-90 


31-Jtii-91 


12-Aug-91 


15-)aii-93 


29-Jaii-87 


12-May-87 


14- Aug-87 


t60a-87 


07-laD-88 


21-Apr-88 


05-IU1-88 


13-0(1-88 


28-Jui-89 


09-Oc(-89 


25-Jaii-90 


18-Jaii-91 


16-Jaii-92 


22-Apt-tS 


20-1UI-88 


0 

0 

0.7 

0 

0 

0.71 

9.87E-07 


9.10E-07 


6.15E4)7 


8.99E-07 


1.86E-06 


2.48E4)6 


2.93E-06 


2.93E-06 


1.09E-06 


4.07E-06 


7.23E4)6 


2J3E-06 


3.94E-06 


6.84E-06 


1.76E05 


3.58E-05 


1.27E-03 


6.76E-04 


3.66E-04 


5.73E-04 


7.64E-04 


ID 


MW-O072 


MW-0Q72 


MW-O072 


MW-0072 


MW-0072 


MW-0Q72 


MW-0072 


MW-0Q72 


MW-0072 


MW-0072 


MW-0072 


MW-0072 


MW-0072 


MW-0072 


MW-0072 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW.0074 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW-0074 


MW-0075 


MW-007S 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0075 


MW-0076 


MW-0076 


MW-0O76 


MW-0076 


MW-0076 


MW-0076 


MW-0076 


MW-0076 


MW-0076 


21-Jui-88 


21-]ut-88 


13-Oct-88 


06Jia-89 


0S-A|X-89 


05-A|K-89 


l7-lul-89 


iaOct-89 


lOOct-89 


20-M-90 


10-A|ir-90 


01-M*y-91 


23-JU1-92 


23-Jiil-92 


23-iiil-93 


27-A|ir-88 


27-Apr-S8 


26-JU1-88 


26-OEI48 


03-May-89 


24-7iil-89 


14-Dec-S9 


14-Dec49 


27-BeiK90 


02-Mty-90 


13-7U1-90 


t3-7ul-90 


31-Oot-90 


29-IUI-91 


10-M4y-91 


I2-Aug-91 


28-JU-93 


21-A|r-S8 


20-JIU-88 


28-Oct-88 


2S-7«a-89 


23-Apr-89 


24-Jal-89 


ll-Dec-89 


n-Dec-89 


OS-M-90 


01-M*y-90 


Ot-Mty-90 


05-Iiit-90 


31-00-90 


31-00-90 


29-Jaa-91 


10-M»^91 


12-Ai«-91 


l^Al«-91 


27-00-92 


28-Aft-S8 


21-M-U 


27-0048 


27-00-88 


03-tbr-t9 


24-M49 


24-ImI-89 


14-DW49 


28-M40 


Table  K-6 

VOCGSAFCaauatfaMaaiap  to  mrdQwuter  1993  SaaiplhH  Period 


U4>CA  I  1.1-DCX  I  c-i4-DCE 


5.14E-04 


3.78E04 


4.S2E-04 


3.3(e4>4 


3.30&04 


4Ji4B04 


5.66E-04 


5.66E44 


5J0EO4 


3.04E-04 


1.9(e-04 


1.82E-04 


1.82E-04 


3J8E-04 


3.22E-06 


3.22E06 


1.87E-06 


1.47E-06 


1.47E-06 


2.04&06 


2.22&06 


2.22E-06 


1.50EO6 


1.06E46 


5.93B07 


9.36E4)7 


9.05EO7 


1.36&06 


5.31E-06I 


8.12E-06 


6.24E06 


3.75&06 


5.31E06 


7.18E-06I 


1.06&03 


2.33E4)5 


1.31E-0S 


1.31E4S 


9.0SE4)6 


1.72&05 


1.72E-0S 


2.37&05 


3.06E-Q5 


2-50E4)S 


2.50EOS 


1.22E4)4| 


4.31E-05 


9.84E47 


9.84E47 


1^3E46 


VOCGSAP 


TaUeK-« 

■r  to  TUrd  Quuter  IMS  SMipIfait  Period 


MW-0076 

MW-0076 

06-M-90 

MW-0076 

05-No»-90 

MW-0076 

28-Jaa-91 

MW-0076 

13-May-91 

MW-0076 

lS-Ai«-91 

MW-0076 

29-Iaa-93 

MW-OOM 

06-Jaa-87 

MW-OOU 

04-May-87 

MW-0068 

13-Aut-87 

MW-0088 

21-JU-8S 

MW-0088 

ll-A(«-88 

MW-0088 

O8-J11I-88 

MW-0088 

13-OGt-88 

MW-0088 

17-Jaii-89 

MW-0088 

0S-A()r-89 

MW-0088 

19-JUI-89 

MW-0088 

ll-Oct-89 

MW-0088 

23-J*ii-90 

MW-0088 

MW-0088 

31-Oct-90 

MW-0088 

2S-Jiil-91 

MW-0088 

25-1*0-93 

MW-0088 

22-Iul-93 

MW-0089 

06-1*0-87 

MW-0089 

04-M*y-87 

MW-0089 

t3-Aiit-87 

MW-0089 

21-0«-87 

MW-0089 

11-1*0-88 

MW-0089 

15-A(ir-88 

MW-0089 

08-lul-88 

MW-0089 

O6-OGI-88 

MW-0089 

16-1*0-89 

MW-0089 

04-A|ii-89 

MW-0089 

ll-lul-89 

MW-0089 

04-0*1-89 

MW-0089 

29^1*0-90 

MW-0089 

02-M*y-91 

MW-0089 

06-1U1-92 

MW-0089 

05-A|ir-93 

MW-0090 

20-1*0-87 

MW-0090 

04-M*y-87 

MW-0090 

13-Ai«-87 

MW-0090 

lZOrt-87 

MW-0090 

20-1*0-88 

MW-0090 

Il-Apr48 

MW-0090 

I4-I11I-88 

MW-0090 

ll-Ocl-88 

MW-0090 

16-1*0-89 

MW-0090 

04-A|ir-89 

MW-0090 

ll-lui-89 

MW-0090 

04-00-89 

MW-0090 

20-F*40 

MW-0090 

ll-Apr-OO 

MW-0090 

30-AiV-91 

MW-0090 

24-1UI-92 

MW-0091 

20-1*0-87 

MW-0091 

20-1*0-87 

MW-0091 

21-Afr47 

MW-0091 

28-1111-87 

MW-0091 

124)047 

Tabic  K-6 

VOC  GSAP  CaanaitailnM  ap  to  Third  Qaartar  l»»3  Saaaplbig  Period 

ID 

UtOaic 

14-DCA 

U-DCE 

clO-DCB 

PCE 

1,1,1-TCA 

TCE 

VC 

Rbkfar 

Pobaijc 

OpmUc 

OOt 

torn 

MW-0091 

12-OGi-<7 

0 

3.3 

0 

0 

6.4 

0 

2.09E-06 

D 

A 

MW-0091 

21-Jai|.U 

0 

1.3 

0 

0 

6.6 

0 

2.06E-06 

D 

A 

MW-0091 

18-Apr-<8 

0 

0.65 

0 

0 

7.6 

0 

2.37E06 

D 

A 

MW-0091 

20-Jful.U 

0 

1.2 

0 

0 

6.9 

0 

2.15E-06 

D 

A 

MW-0091 

OS-Oci-SS 

0 

0.74 

0 

0 

3.8 

0 

1.19E4)6 

D 

A 

MW-0091 

13-;aa-89 

0 

3J 

0 

0 

4.9 

0 

1.64E4)6 

D 

A 

MW-0091 

irA{»-<9 

0 

0 

0 

3 

0 

9.36E4I7 

D 

A 

MW-0091 

24-Jal.S9 

0 

4 

0 

0 

3.8 

0 

1.19E-06 

D 

A 

MW-0091 

14.Dec-S9 

0 

8.8 

0 

0 

5.9 

0 

1.84E4)6 

D 

A 

MW-0091 

17.Jaa-90 

0 

3 

0 

0 

5.4 

0 

1.69E4)6 

D 

A 

MW-0091 

Ol-May-90 

0 

13 

0 

0 

11 

0 

3.43E-06 

D 

A 

MW-0091 

27-IU1.90 

0 

24 

0 

0 

3.6 

0 

1.12E4)6 

D 

A 

MW-0091 

27-Jul-90 

0 

31 

0 

0 

5.5 

0 

1.12E4)6 

D 

A 

MW-0091 

30-Apr-91 

0 

32 

0 

0 

2.8 

0 

8.74E-07 

D 

A 

MW-0091 

30-A{it-91 

0 

33 

0 

0 

8.8 

0 

8.74E-07 

D 

A 

MW-0091 

07-Jul-92 

0 

73 

0 

0 

0 

2.1 

0 

6J5E4)7 

D 

A 

MW-0091 

2O-J11I-93 

0 

94.90 

0 

0 

10.60 

0 

0 

2.15E-06 

D 

A 

MW-0092 

20-Iaa-S7 

0 

0 

0 

0 

6.2 

0 

1.94&06 

D 

A 

MW-0092 

Zl-Apt-n 

0 

0 

0 

0 

7.9 

0 

2.47E06 

D 

A 

MW-0092 

2S.Jul.87 

0 

» 

0 

0 

9.4 

0 

2.93E-06 

D 

A 

MW-0092 

26-Oct-87 

0 

0 

0 

0 

3.7 

0 

I.19E06 

D 

A 

MW-0092 

26-Oct-87 

0 

0 

0 

0 

3.8 

0 

1.19E4)6 

D 

A 

MW-0092 

21-JM-88 

0 

0 

0 

0 

3.7 

0 

1.37E-06 

D 

A 

MW-0092 

21-Jaa-88 

0 

0 

0 

0 

4.4 

0 

1.37E4)6 

A 

MW-0092 

I2-A1V-88 

0 

0 

0 

0 

4.1 

0 

1.28E06 

D 

A 

MW.0092 

21.JUI-88 

0 

0 

0 

0 

3.8 

0 

1.19E4]6 

D 

A 

MW-0092 

05-Oct-88 

0 

0 

0 

0 

3.25 

0 

1.01E4)6 

D 

A 

MW-0092 

17.Jaa-S9 

0 

0 

0 

0 

2.7 

0 

8.43E4)7 

D 

A 

MW-0092 

20-A(a49 

0 

0 

0 

0 

1.9 

0 

5.93E4)7 

D 

A 

MW-0092 

24.Jul.89 

0 

0 

0 

0 

2.9 

0 

9.05B4)7 

D 

A 

MW.0092 

16-Oct.89 

0 

0 

0 

0 

3.7 

0 

l.lSE-06 

D 

A 

MW.0092 

17-Jaii-90 

0 

0 

0 

0 

3 

0 

9.36E07 

D 

A 

MW.0092 

17-Jao-90 

0 

0 

0 

0.22 

2.3 

0 

9.36E07 

D 

A 

MW-0092 

09-Apr-90 

0 

0 

0 

0 

1.4 

0 

4.37E4)7 

D 

A 

MW.0092 

27-Jul-90 

0 

0 

0 

0 

1.3 

0 

2.01E-06 

D 

A 

MW-0092 

lS43ct-90 

0 

0 

0 

0 

0.47 

0 

1.47E4)7 

D 

A 

MW.0092 

13.DCC-90 

0 

D 

A 

MW-0092 

22-JaB-91 

0 

0 

0 

0 

1.4 

0 

4.37E4n 

D 

A 

MW.0092 

ll-Jul-91 

0 

0 

- 1 

0 

0 

0.79 

0 

2.47&07 

D 

A 

MW.0092 

l4.Jaa-93 

0 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW-OIOO 

21.Dec-S5 

0 

0 

0 

0 

0 

0 

0 

Q 

BC 

MW-OlOO 

27-Feb.86 

0 

0 

0 

0 

0 

0 

4.84E4)7 

G 

BC 

MW-OlOO 

104€p46 

0 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OlOO 

09-JaB-S7 

0 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OIOO 

17-A|ir-87 

0 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OlOO 

07.Aut-S7 

0 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OIOO 

19-00-87 

0 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OIOO 

22-Jaa-SS 

0 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OIOO 

14-A|s-SS 

0 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OIOO 

19tJui-88 

o' 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OIOO 

ll-Oot-SS 

0 

0 

- r 

0 

0 

0 

0 

G 

BC 

MW-OIOO 

29.Dec49 

0 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OIOO 

22430-90 

0 

0 

0 

0 

0 

0 

0 

C 

BC 

MW-OIOO 

104)0-91 

0 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OIOO 

16-Ja>42 

0 

0 

0 

0 

0 

0 

0 

G 

BC 

MW-OIOO 

134)0-92 

0 

0 

0 

0 

0 

0 

0 

0 

0 

BC 

MW-OIOI 

1S-N0V4S 

0 

0 

0 

0 

0 

0 

0 

G 

A 

MW-OlOl 

0S-M«r-S6 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-OlOl 

l«4«p4« 

0 

0 

0 

0 

0 

0 

0 

0 

A 

MW-0101 

09-Jaa47 

0 

0 

— 

0 

0 

0 

0 

0 

0 

A 

MW-OIOI 

l7-A|ir-«7 

0 

0 

_ 1 

0 

0 

0 

0 

0 

G 

A 

(;\UMiMi^i_»tminni>oa|XrABLEK4JCLS 
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TmbkK-6 

VOC  GSAP  CoMalnlIgM  ap  to  TUid  Qauter  1M3  SHBpIkil  Period 


ID  I  U«Drii 


MW-0101  05-Aiif-l' 


MW-0101  IMOrV 


MW-0101  22-JaB-8S 


MW-0101  14-A|>-U 


MW-0101  19-JU1-88 


MW-0101  11-Oct-M 


MW-0101  29-Oec-89 


MW-0101  22-Oi»-90 


MW-0101  lOOct-91 


MW-0101  21-J<»92 


MW-0101  06-}iil-92 


MW-0101  13-Oct-92 


MW-OlOl  l»u-93 


MW-0101  22-Jul-9a 


MW-01Q2  04-Noe-85 


MW-0102  OS-Nav-85 


MW-0102  11-MV-S6 


MW-0102  09-Jao-S7 


MW-0102  22-Apr-«7 


MW-0102  07-Ai«-S7 


MW-0102  190ct-r7 


MW-0102  20-Jaa-n 


MW-0102  25-A|V-«S 


MW-0102  12-JU1-8S 


MW-0102  04-Oct-U 


MW-0102  ll-Oot-a9 


MW-0102  3O-JU1-90 


MW-0102  04-Dee-90 


MW-0102  l>-7ul-91 


MW-0102  15-Aiir-93 


MW-0103  20-Dei>4S 


MW-0103  11-Mv-W 


MW-0103  09-Jea-r7 


MW-0103  22-A|*-«7 


MW-0103  04-Ai«-r7 


MW-0103  19-OGt-87 


MW-0103  20-Jaii-88 


MW-0103  2S-A|V-U 


MW-0103  12-Jul-M 


MW-0103  04-Og(-U 


MW-0103  12-Oct-89 


MW-0103  20-/UI-90 


MW-0103  29-Oct-90 


MW-0103  lS-liil-91 


MW-0103  26-Jiil-93 


MW-0104  15-Deo4S 


MW-0104  26-M<r-l6 


MW-0104  2S-Ja>47 


MW-0104  ll-Msy-t7 


MW-0104  31-3iil-S7 


MW-0104  21-Oel-t7 


MW-0104  21-;a»4< 


MW-0104  11-Afc-M 


MW-0104  0«-Jiit4S 


MW-0104  120ct4S 


MW-0104  20-Ja»t9 


MW-0104  04-Mip49 


MW-0104  27-IiiM9 


MW-0104  14-I>eG-a9 


MW-0104  30-Jai»-90 


MW-0104  0^Al«-90 


t:\UiaMdi_»an>dWa^<rABLEK4XLS 


FtteTOofW 


TaUeK-« 

VOCCSAFCwMiatoHoMirtoTIJrtQMftomas— pfciFMtoJ 

LacmUbh 

ID 

ttPiii 

U-DCA 

kl-DCB 

C-U-DCB 

rat 

1,U-TCA 

Its 

VC 

Mfcte 

OrmMt 

tiail 

lam 

MW.0104 

22-Jaa.Sl 

0 

0 

0 

0 

0 

0 

1.92E07 

D 

B 

MW-OUM 

ll-Jul-91 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-01(M 

19-00-92 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

MW-0105 

21-Dec-S5 

0 

0 

0 

0 

0 

0 

4.S7E4)5 

D 

B 

MW-0105 

27-M«'-S6 

0 

0 

0 

0 

0 

0 

S.72E-OS 

D 

B 

MW-0105 

07-Jia-S7 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OIOS 

22-Apr47 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OIOS 

Il-Aut47 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OIOS 

23-0047 

0 

0 

0 

0.31 

0 

0 

0 

D 

B 

MW-OIOS 

2Mm4S 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OIOS 

26-Aiar-SS 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-0105 

19-Jiil-SS 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OIOS 

13-Oo-SS 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OIOS 

17-Xan-S9 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OIOS 

10-Apr49 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-OIOS 

31-iat-89 

0 

0 

0 

0 

0 

0 

0 

0 

B 

MW-OIOS 

14-Dee-S9 

0 

0 

0 

0 

0 

0 

0 

D 

B 

MW-0105 

12-ia».90 

0 

0 

0 

0 

0 

0 

0 

0 

B 

MW-OIOS 

Ol-May-90 

0 

0 

0 

0 

0 

0 

0 

0 

B 

MW-OIOS 

29-OO-90 

0 

0 

0 

0 

0 

0 

I.O«E4>7 

D 

B 

MW-0105 

16-Iut-91 

0 

0 

0 

0 

0 

0 

2.706477 

D 

B 

MW-OIOS 

19-00-92 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

MW-0106 

21-Nov-SS 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW-0106 

13-MV-S6 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW-0106 

0S-Ji»-S7 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW-0106 

2I.Apr47 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW-0106 

2S-Jui47 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW.0106 

09-Oa-S7 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW.0106 

25-/»SS 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW-0106 

1S-A(k4S 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW-0106 

13.Jut-SS 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW-0106 

OS-Oo-SS 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW-0106 

27-DSC-S9 

0 

0 

0 

0 

0 

0 

0 

D 

A 

MW-0107 

07-Nov-SS 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-OIOT 

0I-A|ir-S6 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0107 

07-7aa-S7 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW.0107 

23-A|ir-S7 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-O107 

30-JU1-S7 

0 

0 

0 

0 

0 

0 

1.12E4J7 

C 

A 

MW-0107 

12-00-S7 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0107 

I4-Jaa48 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0107 

IS-Apr-SS 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0107 

12-Jiil-U 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0107 

OS-Oo-n 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW.0107 

02-JW-90 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-OIOS 

27-Dm-SS 

0 

0 

0 

0 

0 

0 

0 

C 

AB 

MW-OIOS 

01-A|it-S6 

0 

0 

0 

0 

0 

0 

0 

C 

AB 

MW-OIOS 

07-J«M7 

0 

0 

0 

0 

0 

0 

0 

C 

AB 

MW-OIOS 

22-Apt-S7 

0 

0 

0 

0 

0 

0 

0 

C 

AB 

MW-OIOS 

30-Jnl-S7 

0 

0 

0 

0 

0 

0 

1.706477 

C 

AB 

MW-OIOS 

12-0047 

0 

0 

0 

0 

0 

0 

0 

C 

AB 

MW-OIOS 

14-Ja»4S 

0 

0 

0 

0 

0 

0 

0 

C 

AB 

MW-OIOS 

IS-Avt4S 

0 

0 

0 

0 

0 

0 

0 

C 

AB 

MW-OIOS 

12-liil-SS 

0 

0 

0 

0 

0 

0 

0 

C 

AB 

MW-OIOS 

0S-0O4S 

0 

0 

0 

0 

0 

0 

0 

C 

AB 

MW-OIOS 

0643049 

0 

0 

0 

0 

0 

0 

0 

C 

AB 

MW-OIOS 

23-1*1-90 

0 

0 

0 

0 

a3 

0 

9.3«OS 

C 

AB 

MW-OlOt 

22-1111-91 

0 

0 

0 

0 

0 

0 

2OSE-07 

C 

AB 

MW-OlOt 

1643042 

0 

0 

0 

0 

0 

0 

0 

0 

c 

AB 

MW-0I09 

06-IM47 

0 

0 

0 

0 

0 

0 

0 

c 

B 

MW-OIOS 

224lsr47 

0 

0 

0 

0 

0 

0 

0 

c 

B 

MW-OIOS 

30-Iui-S7 

0 

0 

0 

0 

0 

0 

2.70BO7 

c 

B 
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Table  K-« 

VOC  GSAP  CoMMimiaM  ap  la  TMtd  QMrter  1M3  SMpItac  Peria4 


TmU(K-< 

VOCCSAFCMHlwHinHoniiwIQMuUf  1W3S— ffc|Ptrtoa 


ID 

mm 

U4>CA 

U-OCI 

C-U-OCC 

KX 

l,U-TtA 

TCB 

VC 

Ukfer 

■SS 

MW-0113 

ll-Jut-M 

0 

0 

0 

0 

0 

0 

c - 

AB 

MW.0113 

1»-Om><9 

0 

0 

0 

0 

0 

0 

0 

c 

MSM 

MW-0113 

18-Afr-90 

0 

1 

0 

0.65 

0 

1.48E4)6 

c 

K3 

MW-0113 

05-NOV-90 

0 

0 

0 

0 

0 

0 

0 

C 

d 

MW-0113 

26-Jttl-91 

0 

0 

0 

0 

0 

0 

0 

C 

MEM 

MW-0114 

ll-Nov-85 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0114 

0243CI-86 

0 

0 

0 

0 

0.21 

0 

2.90E4)6 

C 

A 

MW-0114 

13-lta-V 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0114 

21-A|K-r7 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0114 

t^Altf-87 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0114 

15-0«»-87 

0 

0 

0 

0 

0 

0 

2.70E4)7 

C 

A 

MW-0tl4 

IMul-U 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0114 

lOOcl-St 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0114 

20-A(if-S9 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-OllS 

19-Dec-85 

0 

0 

0 

0 

0 

0 

1.41E4M 

C 

A 

MW-0115 

06-M«-«6 

0 

0 

0 

0 

0 

0 

2.42E-07 

C 

A 

MW-OllS 

19-11^87 

0 

0 

0 

0 

0 

0 

0 

C 

131 

MW-OllS 

20-AIV-87 

0 

0 

0 

0 

0 

0 

0 

C 

rA 

MW-OllS 

27-JU1-87 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-OllS 

08-OGI-87 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-0115 

07-3*0-88 

0 

0 

0 

0 

0 

0 

0 

C 

A 

MW-OllS 

22-A|ir-88 

0 

0 

0 

0 

0 

0 

0 

C 

n 

MW-OllS 

18-iul-88 

0 

0 

0 

0 

0 

0 

0 

c 

A 

MW-OllS 

03-OGt-88 

0 

0 

0 

0 

0 

0 

0 

c 

A 

MW-OtlS 

16-1*0-89 

0 

0 

0 

0 

0 

0 

0 

c 

A 

MW-0115 

20-AIV-89 

0 

0 

0 

0 

0 

0 

0 

c 

A 

MW.OI15 

28-iul-89 

0 

0 

0 

0 

0 

0 

0 

c 

A 

MW-0115 

ll-Oct-89 

0 

0 

0 

0 

0.21 

0 

6.55E-08 

c 

A 

MW-0115 

18-1*0-90 

0 

0 

0 

0 

0 

0 

0 

c 

A 

MW-OUS 

29-OCI.90 

0 

0 

0 

0 

0 

0 

c 

A 

MW-0114 

ll-N(Mr-85 

0 

0 

0 

0 

0 

0 

B 

A 

MW-0116 

28-Feb-86 

0 

0 

0.2 

0 

0 

0 

B 

n 

MW-0116 

26-S«|>46 

0 

0 

0.23 

0 

0 

0 

8.27E-07 

B 

A 

MW-0116 

14-1*0-87 

0 

0 

0 

0 

0 

0 

B 

A 

MW-0116 

Z7-AP-87 

0 

0 

0.47 

0 

0 

0 

6.02E417 

B 

A 

MW-0116 

03-Ai«-87 

0 

0 

0.25 

0 

0 

0 

4.9(»4y7 

B 

A 

MW-0116 

09lOoI-87 

0 

0 

0 

0 

0 

0 

0 

B 

A 

MW-0116 

13-1*0-88 

0 

0 

0.12 

0 

0 

0 

1J4E4)7 

B 

A 

MW-OU6 

ll-A|ir-88 

0 

0 

0.17 

0 

0 

0 

2.18E4>7 

B 

A 

MW-0116 

061al-88 

0 

0 

0 

0 

0 

B 

A 

MW-0116 

iaOcc-88 

0 

0 

0 

0 

0 

B 

A 

MW-Otl6 

11-00-89 

0 

0 

0 

0 

0 

0 

0 

B 

A 

MW-0117 

04-M«-86 

0 

B 

A 

MW-Oin 

20-Afr-U 

0.2 

0 

0 

0 

17 

0 

6J3E-06 

B 

BjI 

MW-0117 

204)0.86 

0 

0 

0 

0 

19 

0 

8.83E4)6 

B 

A 

MW-0117 

2000-86 

1 

0 

— 

0 

0 

21 

0 

8.83E-06 

B 

A 

MW-OlU 

25-MV-86 

0 

0 

0 

0 

0 

0 

B 

B 

MW-OllS 

21-00-86 

0 

0 

0 

0 

1 

0 

1.57E-06 

B 

B 

MW-0119 

05-M*r-86 

0 

0 

0 

0 

0 

B 

C 

MW-0120 

04-MO-86 

0 

B 

A 

MW-0120 

20-Afr-86 

0.2 

0 

0 

0 

24 

0 

9.51E4)6 

B 

A 

MW-0t20 

134)0-86 

0 

0 

0 

0 

20 

0 

8.63E4)6 

B 

WDM 

MW-0120 

20-10*47 

0 

0 

0 

0 

17.35 

0 

7.22E4)6 

B 

A 

MW-0120 

20-1M47 

0 

0 

0 

0 

19.32 

0 

742E4)6 

B 

A 

MW-0120 

20-A(r-S7 

0 

0 

0 

0 

25 

0 

8.82E4)6 

B 

A 

MW-0120 

0»-Ai«-87 

0 

0 

0 

0 

26 

0 

9.02E4)6 

B 

A 

MW-0120 

224)087 

0.29 

0 

0 

0 

9.3 

0 

4.t9E4)6 

B 

■9 

MW-0120 

23.1M-8S 

0.19 

0 

0 

0 

8.8 

0 

3.61E4» 

B 

WDM\ 

MW-0120 

13-Apr-M 

a24 

0 

— 

0 

0 

12 

0 

5.0(£4)6 

B 

_AJ 

MW-0120 

11-1088 

0 

0 

0 

0 

12 

0 

3.75E4)6 

B 

mm 

MW-0120 

ll-)oM8 

ais 

0 

0 

0 

9.1 

0 

3.75E4I6 

B 

P^33cl»  0SnU94 


> 

Lot  Dm* 

ID 

MW-0120 

12-OCI-88 

MW-0120 

lO-Jaii-89 

MW-0120 

10-IU49 

MW4)120 

14-Ai»-89 

MW-0120 

ll-Jul-89 

MW-0121 

26-Feb-86 

MW-0121 

23-JaB-87 

MW-0121 

25-Apr-87 

MW-0121 

01-Aii(-87 

MW-0121 

22-Oct-87 

MW-0121 

23-Jaa-88 

MW-0121 

20-A|k-88 

MW-0121 

ll-Iul-88 

MW-0121 

19-Oct-88 

MW-0121 

13-7aa-89 

MW-0121 

20-Apr-89 

MW-0121 

07-JU1-89 

MW-0121 

160ct-89 

MW-0121 

13-Jaa-90 

MW-0121 

27-AIV-90 

MW-0121 

06-Ai«-90 

MW-0121 

OS-Nav-90 

MW-0121 

30-Iaa-91 

MW-0121 

24-Iul-91 

MW-0122 

2fr-ra>-86 

MW-0122 

26-J«ii-87 

MW0122 

07-May-87 

MW-0122 

08-Ai«-87 

MW-0122 

22-001-87 

MW-0122 

23-}aa-88 

MW0122 

19-A|«-88 

MW0122 

18Jul-88 

MW-0122 

12-OCI-88 

MW-0122 

lO-Jaa-89 

MW-0122 

14-A|r-89 

MW-0122 

07-JUI-89 

MW-0122 

12-Dec49 

MW-0123 

2S-M«-86 

MW-0123 

04-A|r-86 

MW-0123 

21-Oct-86 

MW-0124 

25-Feb46 

MW-012S 

25-FeM6 

MW-0126 

03-M«-86 

MW-0127 

04-MV-86 

MW-0127 

24-Oc(-86 

MW-012S 

05-Dec-86 

MW-0128 

16-Ja»07 

MW-012S 

16-A|v-87 

MW-012S 

16-AFr-S7 

MW-012S 

12-Ai«-87 

MW-012t 

17-S«p47 

MW-012S 

23-00147 

MW-012t 

I3-1M4S 

MW-012S 

l^Apt-SS 

MW-012S 

lZ-Jial48 

MW-0121 

12-Ad-M 

MW-012S 

2DOc»48 

MW-012* 

12-)aa49 

MW-0I2t 

iaAFt-89 

MW-0I2S 

10-Avt-S9 

MW-0121 

20-}id-t9 

VOCGSAP 


UJiCA 


TaUcK-< 

toTMrri  Qaaiter  IMSSmpikigPciM 


|;>UMnWlilt^unmlWi»(trAM£K^^ 


l>lt*24or<0 


C 


05ni/94 


ID 


MW-012S 


MW-012< 


MW-0128 


MW-012( 


MW-0128 


MW-0128 


MW-0128 


MW-0128 


MW-0128 


MW-0128 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0i29 


MW-0129 


MW-0129 


MW-0129 


MW-0129 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0t30 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0130 


MW-0131 


UtlMM 


06-0049 


30-JU-90 


30-JU-90 


13-A|)r-90 


19-JU1-90 


04-Dec-90 


07-Iait-91 


26-lul-91 


26-Jitl-91 


13-00-92 


03-Dec-86 


16-Ju»-87 


1S-A|«47 


12-Au(-87 


23-00-87 


13-1*11-88 


l^Apr48 


12-1111-88 


1000-88 


lM*a49 


12-laa-89 


20-A|>-89 


201111-89 


0000-89 


19-l«a-90 


13-Apr-90 


2O1UI-90 


2O1U1-90 


1000-90 


07-l«a-91 


18-A|ir-91 


26-1U1-91 


1500-92 


l3-No<r.86 


16-1*0-87 


lS-Apt-87 


29-1U1-87 


29-1U1-87 


27-0047 


27-00-87 


13-1*0-88 


l^A|ir-88 


lMiil-88 


12-101-88 


100048 


1000-88 


12-1*0-89 


10A(o-S9 


201ui-89 


13-Dec49 


13-Dei»49 


101*0-90 


10A|o-90 


IOM-90 


000040 


09-1*0-91 


09-1*041 


18-Afr-91 


29-M-9I 


1543042 


t9-Naiv-86 


VOCGSAP 


U-DCA  I  1,1-DCE 


TaMcK-6 

■p  W  TMrJ  Qooitcr  1993  S—pfcg  f »rio<l 


ULl-TCA 

TCE 

0 

18000 

0 

20000 

0 

21000 

5.61E-03 


6.23E4)3 


6.23E4>3 


0 


3.35E4)2 


3.74E4)3 


1.03E4)2 


4.68E-03 


4.68E4)3 


3.43E4)3 


4.06E4>S 


3.12E4M 


1.50E4S 


1.90E-04 


1.40E4>S 


3.43B4)6 


8.43E416 


6.87E4>5 


2.90E4)5 


S.31E4>5 


5.31E-03 


4.37E-05 


4.37E4)3 


9.05E4>5 


1.65E4M 


3.22E4)4 


3.22E4)4 


4.68E4M 


4.37E4)4 


7.49B4)4 


8.74E4)4 


1.19E-03 


8.12E4)7 


1.57E4)6l 


1.25E4» 


1.2SE-06 


6.33E4)7 


l.OlE-06 


9.52E47 


4.68E4)7 


4.68E4)7 


7.20E4>7 


7.2(»4)7 


1.37E4)6 


1.04E4)6 


1.4(»-06 


15(»4)6| 


1.50E4)6 


1.47E46 


3.62E4)7 


9.09E4M 


4.68E-07 


3.63E4)7 


5.65E4)7 


3-12E-07 


4.99E-07 


8.43E4)7 


8.65E4)6 


1  trallwi 

ID 

UiIMi 

MW-0131 

19-NOV-86 

MW.0131 

19-Jaa-87 

MW-0131 

28-A{r47 

MW.0131 

07.Aii(-87 

MW.0131 

140ct-87 

MW.0131 

14.0ct-87 

MW.0131 

19.1111-88 

MW4)131 

13-A{C.88 

MW4)131 

13.JU1-88 

MW.0131 

04.Oa.88 

MW4)131 

12-310-89 

MW4)131 

ll-AFr49 

MW4)131 

14-JU1.89 

MW.0131 

26-Jin-90 

MW4)131 

26-A|>.90 

MW4)131 

19-JU1.90 

MW4)131 

16.Oa-90 

MW4)131 

09-3uh91 

MW4)131 

23-Apr-91 

MW.0131 

30-JU1-91 

MW4>132 

24-NOV.86 

MW.0132 

21-310-87 

MW.0132 

15-Miy-87 

MW4)132 

15-Miy^ 

MW4>132 

29-3U1.S7 

MW.0132 

240a-87 

MW.0132 

2400-87 

MW.0132 

22-310.88 

MW4)132 

20.AIO48 

MW4)132 

18-301-88 

MW.0132 

18-301-88 

MW4)132 

1300-88 

MW.0132 

13-00-88 

MW4)132 

18-310-89 

MW.0132 

17.A|ir.89 

MW.0132 

17.A|o49 

MW4)132 

06-301-89 

MW.0132 

1100-89 

MW.0132 

17-310.90 

MW4>132 

17-310.90 

MW.0132 

2S-Arr-90 

MW.0132 

20-301-90 

MW4)132 

Ol-Nov.90 

MW4)132 

30-310-91 

MW4)132 

06-Miy^91 

MW.4)132 

06-Miy-91 

MW.0132 

17-3ol-91 

MW4)132 

07-00-91 

MW4>132 

05-M>.92 

MW4)I32 

0S-M>-92 

MW.0132 

22-3oi.92 

MW4»32 

19-Ai«-92 

MW4M32 

1900-92 

MW.0132 

27-310-93 

MW.0132 

06.Ai«-93 

MW4)132 

06.Ai«.93 

MW.0133 

0U^eM8 

MW.0133 

14-A|o48 

MW.0133 

ll-3ol-88 

MW4)133 

0600-88 

VOCGSAP 


IJ-DCA  1,1-DCE  e-U-OCE 


TidikK-« 

■E  (•  TIM  Qnrttr  IM)  SMipIliiC  PcriiMl 


FMMiiJBmnnrMM('(rABLEK<JCLS 


l^2Caf60 


B 


B 


OS/11/94 


TabUK-6 

VOCGSArC«BWti»OiHiytoHlWQ»rt«rl>WSwplhnP«ii»4 

ID 

LailMi 

U-DCA 

t,l-OCI 

e-U-OCE 

PCE 

1,1.1-TCA 

ICE 

VC 

Wifcfiir 

rnHiw^yi 

Opir^li 

(Jail 

— 

Zmt 

MW-0133 

19.Iaa-89 

0 

0 

0 

0 

0 

0 

0 

B 

c 

MW-0133 

07.A|ir-<9 

0 

0 

0 

0 

0 

0 

0 

B  i  C  1 

MW4)I33 

10-Iul-«9 

0 

0 

0 

0 

0 

0 

0 

B 

c 

MW^133 

12-OGt-S9 

0 

0 

0 

0 

0 

0 

0 

B 

c 

MW^J33 

22-J«a-90 

0 

0 

0 

3.4 

0 

0 

0 

B 

c 

MW4133 

lO-Aft-W 

0 

0 

0 

0 

0 

0 

0 

B 

c 

MW4)133 

19-JU1.90 

0 

0 

0.71 

0 

0 

0 

9.09E-07 

B 

c 

MW-0133 

08-0ct.90 

0 

0 

0 

0 

0 

r 

0 

B 

c 

MW.0133 

16-Ia»-91 

0 

0 

0 

0 

0 

0 

0 

B 

c 

MW-0133 

13-Iul-91 

0 

0 

0 

0 

0 

0 

0 

B 

c 

MW-0133 

14-001-92 

0 

0 

0 

0 

0 

0 

0 

0 

B 

c 

MW-0134 

08-Feb4S 

0 

0 

0 

0 

0 

0 

0 

B 

B 

MW-0134 

14-A^.M 

0 

0 

0 

0 

0.75 

0 

2.34&07 

B 

B 

MW-0134 

ll-Jul-U 

0 

0 

0 

0 

2.9 

0 

9.03E-07 

B 

B 

MW-0134 

06-Oot.U 

0 

0 

0 

0 

2.5 

0 

7.80E-07 

B 

B 

MW-0134 

16-Iu.«9 

0 

0 

0 

0 

2.9 

0 

9.03E-07 

B 

B 

MW-0134 

07-A|V-t9 

0 

0 

0 

0 

3.3 

0 

1.03&06 

B 

B 

MW-0134 

10-Jul-«9 

0 

0 

0 

0 

3.2 

0 

9.99E-07 

B 

B 

MW-0134 

I2-O0I.89 

0 

0 

0 

0 

4.5 

0 

1.4(e-06 

B 

B 

MW-0134 

13-Jaa-90 

0 

0 

0 

0 

2.9 

0 

9.05EO7 

B 

» 

MW-0134 

ll.A|V-90 

0 

0 

0 

0 

2.8 

0 

8.74E-07 

B 

B 

MW-0134 

19-JU1-90 

0 

0 

32 

0 

9.9 

0 

4.41E05 

B 

B 

MW-0134 

09-0ot.90 

0 

0 

0 

0 

3.9 

0 

1.37&06 

B 

B 

MW-0134 

09-001-90 

0 

0 

0 

0 

4.4 

0 

1.37&06 

B 

B 

MW-0134 

16-J«a.91 

0 

0 

0 

0 

2.8 

0 

8.74E-07 

B 

B 

MW-0134 

08-Apr-91 

0 

0 

0 

0 

4.1 

0 

1.28&06 

B 

B 

MW-0134 

13-iiil-91 

0 

0 

0 

0 

1.9 

0 

3.93E-07 

B 

B 

MW.0135 

0S-Ftt>-S8 

0.74 

0 

0 

0 

30 

0 

1.22&OS 

B 

A 

MW-0135 

14-Aft-n 

0.93 

0 

0 

0 

26 

0 

1.18E-03 

B 

A 

MW-013S 

ll-Iul-SS 

0.46 

0 

0 

0 

27 

0 

1.15E-05 

B 

A 

MW.0133 

06-Nav.U 

0.39 

0 

0 

0 

23 

0 

1.Q2&03 

B 

A 

MW.0133 

16-Jaa-t9 

0.43 

0 

0 

0 

25 

0 

9.99&06 

B 

A 

MW.0133 

07-Apr-«9 

0.3 

0 

0 

0 

13 

0 

6.37E4)6 

B 

A 

MW.0133 

ll.}al.S9 

0.22 

0 

0 

0 

•7 

0 

7.11&06 

B 

A 

MW.0133 

ll-lul-89 

0.24 

0 

0 

0 

19 

7.I1E4» 

B 

A 

MW.0133 

13-001.89 

0.34 

0 

0 

0 

24 

0 

l.OlE-03 

B 

A 

MW.0133 

22-Jaa-90 

1 

0 

0 

0 

19 

0 

9.29E4)6 

B 

A 

MW.0133 

22-Jia-90 

2.3 

0 

9.6 

0 

23 

0 

9.29E-06 

B 

A 

MW.0133 

10-A|ir-90 

0.49 

0 

0 

0 

0 

2.31E-06 

B 

A 

MW.0133 

03-iul-90 

0.13 

0 

0 

0 

18 

0 

6.76E-06 

B 

A 

MW-0133 

08-OGI-90 

0 

0 

0 

0 

18 

0 

3.62E-06 

B 

A 

MW-0133 

16-JU-91 

0.22 

0 

0 

0 

16 

0 

3.63&06 

B 

A 

MW.0133 

16-Ja»91 

0.23 

0 

0 

0 

«5 

0 

3.63E-06 

B 

A 

MW-0133 

08-A(K.91 

0.48 

0 

0 

0 

20 

0 

8.39E-06 

B 

A 

MW.0133 

15-JU1.91 

0 

0 

0 

0 

0 

3.43&06 

B 

A 

MW.0133 

lS-]ul-91 

0 

0 

0 

0 

12 

0 

3.43E46 

B 

A 

MW.0133 

13-Oct-92 

0 

0 

1.6 

0 

0 

8.7 

0 

2.72&06 

B 

A 

MW-0133 

13-Apr-93 

0 

0 

1.60 

0 

0 

9.20 

0 

1.33E05 

B 

A 

MW-0133 

15-Apr.93 

0.27 

0 

1.90 

0 

0 

12 

0 

1.33&03 

B 

A 

MW-0136 

10-M«-88 

0 

0 

0 

0 

230 

0 

7.18E-03 

C 

C 

MW-0136 

23.A|ir-88 

0 

0 

0 

0 

230 

0 

7.18E413 

c 

C 

MW-0136 

14-Jul-88 

0 

0 

0 

0 

470 

0 

1.47&04 

C 

C 

MW-0136 

1000148 

0 

0 

0 

0 

260 

0 

8.12E-Q5 

C 

C 

MW.0136 

1000148 

0 

0 

0 

0 

360 

0 

8.12&03 

C 

C 

MW.0136 

26.Ja»49 

0 

0 

0 

0 

230 

0 

7.18E43 

c 

C 

MW-0136 

21-Apr-89 

0 

0 

0 

0 

390 

0 

1.22E4M 

c 

C 

MW.0136 

2S-JIII49 

0 

0 

0 

0 

130 

0 

4.0SEr0S 

C 

C 

MW-0136 

17-O0I-S9 

0 

0 

0 

0 

170 

0 

3.31&03 

c 

C 

MW.0136 

3O;m40 

0 

0 

0 

0 

690 

0 

2.13E4M 

c 

C 

MW-0136 

27.Afr40 

0 

0 

0 

0 

140 

0 

4.37E-03 

c 

C 

MW.0136 

06-Aat-90 

0 

0 

0 

0 

100 

0 

3.93E-03 

c  ...1 

C 

(:teMUi^j.WnnlWDi«'a'ABLEK-6JCLS  Pk(e27a(60  (m\l9* 


MW-0136 


MW-0136 


MW-0136 


MW-0136 


MW-0136 


MW-0136 


MW-0138 


MW-0138 


MW-013S 


MW-0138 


MW-0138 


MW-0138 


MW-0138 


MW-0138 


MW-0138 


MW-0138 


MW-0138 


MW-0138 


MW-0138 


MW-0138 


MW-0138 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


!iiW.0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0139 


MW-0142 


MW-0142 


MW-0142 


MW-0142 


MW-0142 


MW-0142 


MW-0142 


MW-0142 


MW-0142 


MW-0142 


MW-0142 


MW-0142 


MW-0142 


MW-0143 


MW-0143 


MW-0143 


MW-0143 


MW-0143 


MW-0143 


MW-0143 


L^IMi 


06-Auf-90 


02-NOV-90 


04-Feb-91 


17-M>y-91 


31-}ul-91 


14-OGt-92 


ll-Mv-88 


22-A{it-88 


14-hd-88 


07-Oct-88 


12-Jaii-89 


12-A{r49 


03-JU1-89 


20-I}ec-89 


29-I«ii-90 


30-A(it-90 


2S-Jul-90 


05-Noi»-90 


24-JU-91 


31-JU1-91 


14-Oct-92 


09-Fel>-88 


19-Apt-88 


08-iul-88 


14-00-88 


16-1*0-89 


08-AIS-89 


18-1111-89 


06-Oct-89 


06-00-89 


26-1*0-90 


26-A|V-90 


2S-lul-90 


0^No»-90 


04-Dec-90 


13-1*0-91 


22-A|ir-91 


22-Apr-91 


I6-I11I-91 


13-00-92 


29-lul-93 


09^FU>48 


26-Afr-88 


18-00-88 


18-1*0-89 


08-A|ir-89 


25-1(11-89 


13-Dec49 


29-1*0-90 


27-Apr-90 


0^Al«-90 


24-1*0-91 


03-May-91 


13-I11I-92 


10-Feb48 


26-A|ir-88 


21-lid4S 


0S-0O48 


18-1*0-89 


ll-Apr-89 


28-1(11-89 


Tahl*K-6 

"nr  nrir  r*or[oti*ii*M  ^  n  tmhi  tiMiKr  i*“ 


Uktnr 

U-OCA  l,t-DCI  c-lJ-OCE  PCE  l.t.l-1CA  TCI  VC 


0  9.68E-06 


1.59&05 


1.25E05 


0 

0.25 

0 

0 

C 


f^mnWijmmaltmo^ABLEtUXlS 


1^28  of  60 


TaMeK-« 

VOC  G8AP  OncMtnliiHM  ap  to  HM  QmHct  1993  Smi^  Period 

Locatfea 

ID 

UgDM* 

U-DCA 

U-DCK 

c-lJ-DCB 

PCS 

1.1,1.TCA 

TC* 

VC 

Rkkte 

PiMmili 

OpmMi 

UeM 

Zm 

MW-0143 

17-Oet-89 

0 

0 

0 

_ 

0 

0 

0 

C 

B 

MW-0143 

16-Jaa-90 

0 

0 

0 

0 

0 

0 

0 

C 

E 

MW-0143 

27-A|*-90 

0 

0 

0 

0 

0 

0 

1.70EO7 

C 

B 

MW-0143 

08-Aug-90 

0 

0 

0 

0 

0 

0 

0 

C 

B 

MW-0143 

28-1U-91 

0 

0 

0 

0 

0 

0 

0 

C 

B 

MW-0143 

07-Ma^91 

0 

0 

0 

0 

0 

0 

0 

C 

B 

MW-0143 

17-Jul-92 

0 

0 

0 

0 

0 

0 

0 

0 

C 

B 

MW-0143 

19tJul-93 

0 

0 

0 

0 

0 

0 

0 

0 

C 

B 

MW-014S 

24-MS-89 

0 

0 

0 

0 

1.3 

0 

4.06EO7 

B 

A 

MW-0143 

31-Iul-89 

0 

0 

0 

0 

0 

0 

1.32E07 

B 

A 

MW-014S 

OMaii-90 

0 

0 

0 

0 

2.1 

0 

6.53E07 

B 

A 

MW-0143 

23-;«ii-90 

0 

0 

0 

0 

1.9 

0 

3.93E-07 

B 

A 

MW-0143 

23-Apr-90 

0 

0 

0 

0 

1.8 

0 

5.62E07 

B 

A 

MW-0143 

02-Aiig-90 

0 

0 

0 

0 

2.9 

0 

9.05E-07 

B 

A 

MW-0143 

02-N<jv-90 

0 

0 

0 

0 

1.5 

0 

4.68E-07 

B 

A 

MW-0143 

23-Jaa-91 

0 

0 

0 

0 

2.4 

0 

1.12E-06 

B 

A 

MW-0143 

03-Mey-91 

0 

0 

0 

0 

2.2 

0 

6.87E-07 

B 

A 

MW-0143 

17-Iiil-91 

0 

0 

0 

0 

1.9 

0 

3.93E-07 

B 

A 

MW-0143 

08-A|ir-93 

0 

0 

0.31999999 

0 

0 

1 

0 

6.35B07 

B 

A 

MW-0143 

19-JU1-93 

0.38600001 

0 

0.36199999 

0 

0 

1.23000002 

0 

2.75E4)6 

B 

A 

MW-0146 

24-M«-89 

0 

0 

0 

0 

0 

0 

0 

B 

B 

MW-014tf 

11-/II1-89 

0 

0 

0 

0 

0 

0 

0 

B 

B 

MW-0146 

21-Dec-89 

0 

0 

0 

0 

0 

0 

0 

B 

B 

MW-0146 

06-RI>-90 

0 

0 

0 

0 

0 

0 

0 

B 

B 

MW-0146 

08-Mey^90 

0 

0 

0 

0 

0 

0 

0 

B 

B 

MW-0146 

3aOct-90 

0 

0 

0 

0 

0 

0 

0 

B 

B 

MW-0146 

03-M«y-91 

0 

0 

0 

0 

0 

0 

0 

B 

B 

MW-0146 

2I-I11I-93 

0 

0 

0 

0 

0 

0 

0 

0 

B 

B 

MW-0147 

20-MV-89 

0 

0 

0 

0 

0 

0 

0 

B 

C 

MW-0147 

ll-lul-89 

0 

0 

0 

0 

0 

0 

0 

B 

C 

MW-0147 

21-I>ec-89 

0 

0 

0 

0 

0 

0 

0 

B 

C 

MW-0147 

06-M>-90 

0 

0 

0 

0 

0 

0 

0 

B 

C 

MW-0147 

09-May-90 

0 

0 

0 

0 

0 

0 

0 

B 

c 

MW-0147 

23-Oct-90 

0 

0 

0 

0 

0 

0 

0 

B 

c 

MW-0147 

03-Mey-91 

0 

- o' 

0 

0 

0 

0 

0 

B 

c 

MW-0148 

30-MV-89 

0 

0 

0 

0 

8.7 

0 

3.21E-06 

B 

CD 

MW-0148 

06-A|)r49 

0 

0 

0 

0 

7.2 

0 

2.2SE-06 

B 

CD 

MW-0148 

07-lul-89 

0 

0 

0 

0 

5.3 

0 

1.87E-06 

B 

CD 

MW-0148 

07-JU1-89 

0 

0 

0 

0 

6 

0 

1.87E-06 

B 

CD 

MW-0148 

19-Oct-89 

0 

0 

0 

0 

7.6 

0 

2.77E06 

B 

CD 

MW-0148 

22-Dec-89 

0 

0 

0 

0 

6.8 

0 

2.12E06 

B 

CD 

MW-0148 

07-Fe»h90 

0 

0 

0 

0.39 

7.2 

0 

2.4(£-06 

B 

CD 

MW-0148 

01-M»y-90 

0.14 

0 

0 

0 

8.6 

0 

3.28E4)6 

B 

CD 

MW-0148 

30-iul-90 

0 

0 

0 

0 

0.63 

0 

2.03E-07 

B 

CD 

MW-0148 

08-OCC-90 

0 

0 

0 

0 

6.8 

0 

Z28E-06 

B 

CD 

MW-0148 

08-0ct-90 

0 

0 

0 

0 

7.3 

0 

2J28E-06 

B 

CD 

MW-0148 

23-Jaa-91 

- o' 

0 

0 

0 

7 

0 

2.29E06 

B 

CD 

MW-0148 

Ol-May-91 

0 

0 

0 

0 

14 

0 

4.37E06 

B 

CD 

MW-0148 

01-Aii(-91 

0 

0 

0 

0 

11 

0 

4.74E06 

B 

CD 

MW-0148 

04-OCC-91 

0 

0 

■ 

0 

0 

12 

0 

3.73E-06 

B 

CD 

MW-0148 

27-Jan-92 

0 

0 

0 

0 

13 

0 

4.68E06 

B 

CD 

MW-0148 

27-;«a-92 

0 

0 

0 

3 

15 

0 

4.68E06 

B 

CD 

MW-014S 

14-JIII-92 

0 

0 

4 

0 

0 

13 

0 

4.06&06 

B 

CD 

MW-0148 

08Og(-92 

0 

0 

4.7 

0 

0 

8.8 

0 

2.73E06 

B 

CD 

MW-0148 

I2-;m-93 

0 

0 

2.3 

0 

0 

9.1 

0 

Z84B06 

B 

CD 

MW-0148 

21-JII1-93 

0.37 

0 

2.63 

0 

0 

^7? 

0 

8.06E-06 

B 

CD 

MW-0149 

25-Apr-89 

0 

0 

0 

0 

0.23 

0 

7.18E-08 

B 

D 

MW-0149 

lMul-S9 

0 

0 

0 

0 

0.34 

0 

1.06EO7 

B 

D 

MW-0149 

22-Da649 

0 

0 

0 

0 

0.71 

0 

2Z2E07 

B 

D 

MW-0149 

07-M-90 

0 

0 

0 

0 

0.98 

0 

3.06E-07 

B 

D 

MW-0149 

lO-May-90 

0 

0 

0 

0 

1 

0 

3.12&07 

B 

D 

r>UMiMiyjBanralWa^XrABLEK4XLS 


Fl(«29of60 


0S/11A4 


Table  K-6 

VOC  GSAP  CoaccBlratioiu  of  to  Third  Quarter  1993  SampUng  Period 


Ol-Aug-91 


04-Oet-91 


ID  LacDile  IJ-DCA 


MW-0149  02-Jul-90  0 

MW-0149  22-Oct-90  0 


MW-0149 


MW-0149 


MW.0149 


MW.0149 


MW-0149 


MW-0149 


MW-0149 


MW-0149 


MW-0149 


MW-0149 


MW-0150 


MW-0150 


MW-0150 


MW-0150 


MW-0150 


MW-0150 


MW-0150 


MW-0150 


MW-0150 


MW-0150 


MW-0150 


MW.0150 


MW-0150 


MW-0150 


MW-0150 


MW-0151 


MW-0151 


MW-0151 


MW-0151 


MW-0151 


MW-0151 


MW-0151 


MW-0151 


MW-0151 


MW-0151 


MW-0151 


MW-0152 


MW-0152 


MW-0152 


MW-0152 


MW-0152 


MW-0152 


MW.0152 


MW-0152 


MW-0152 


MW-0132 


MW-0132 


MW-0t52 


MW-0152 


MW-0152 


08-A|ir-93 


08-Apr-93  | 


24-Mar-89 


14-lul-89 


2aDec-89 


22-FW>-90 


14-May-90 


lO-May-91 


ll-)ul-91 


18-Oct-91 


29-lia-92 


20-)ul-92 


05-Oet-92 


05.O«-92 


08-1UI-93 


08-laa-93 


09-A|ir-93 


13-;ul-89 


19-Dec-89 


16-JU1-90 


15-0(4-90 


31-JaB-91 


05-A|jr-91 


lO-Jul-91 


21-Oct-91 


29-/10-92 


05-0(4-92 


17-M«-89 


14-Jul-89 


20-Oec-«9 


08-Feb-90 


Rbkror 

Pediweyi 


3.75E-07 
9.85E-07  ' 


3.06E-06i 


OiMrdde 

Ceil 


_B _ 

B 


B 


B 


13-Xui-90 


03-0(4-90 


07-/10-91 


0S-A(O-91 


29-/UI-91 


07-0(4.91 


29-/10-92 


20-/II1-92 


05-0(4-92 


|:'umVk^jBiin»alVratXrABlJEK-6jaS 


1.15E-06 


4.37E-07 


5.31E-07 


1.69E-07 


6.87E-07 


2.28E-07 


0 

2.12E-07  B 

0 

2.48E-07  B  1 

PnelOofM 


ID 


MW-OI52 


MW-0152 


MW-0152 


MW^153 


MW-0153 


MW-0153 


MW-0153 


MW-0133 


MW.0153 


MW.0153 


MW-0153 


MW-0153 


MW.0153 


MW.0153 


MW.0153 


MW.0153 


MW.0153 


MW.0153 


MW4)153 


MW.0153 


MW.0153 


MW.0153 


MW.0153 


MW.0153 


MW4)153 


MW.0153 


MW.0154 


MW.0154 


MW.0I54 


MW-0154 


MW.0154 


MW4)154 


MW.0154 


MW.0154 


Lag  Dill 


08-J«n-93 


09-A|)r-93 


27-Jul.93 


05-M>y-89 


13-Jul.89 


20-Dec.89 


20-Dec-89 


21-Feb-90 


21-Feb-90 


02-May 


27-JU1-90 


27-Jul- 


2M3ct-90 


2Mait-91 


Ol-May-91 


06-Aug.91 


21-Oct-91 


21-Oct-91 


22-Jtii-92 


14-Ju|.92 


14-1(11-92 


21-Oa-92 


08-Jaii-93 


08.)ai|.93 


09-A|)r-93 


29^Jul-93 


19-1(11-89 


20-Oec-89 


08-Feb-90 


03-0«-90 


23-)aii-91 


25-A|*-91 


VOCGSAP 


IJ-DCA  I  1,1-DCX  I  c-U-DCE 


TabkK-< 

■p  to  TWrd  Omtcr  1993  SMapHBg  Period 


Ilf  i'^‘1  K  B 

MW-4)154 

18-Oct-91 

MW.0154 

30-Iaii-92 

MW.0154 

14.)(i|.92 

MW.0154 

20-O«.92 

MW.0154 

14-Jaii-93 

MW4)154 

29-J(d-93 

MW.0155 

14-Se|>-89 

MW4)155 

lO.Oct-89 

MW4)155 

07-FW>.90 

MW4)155 

14-May-90 

MW-0155 

06-Iid-90 

MW4)155 

30-00-90 

MW-0155 

30-Jaii-91 

MW4)155 

24.A|ir-91 

MW.0155 

01.A(ig-91 

MW.0155 

07-00-91 

MW.0155 

24-iaa-92 

MW4>155 

24-Ia«^ 

MW4)155 

20-1(11.92 

MW.0155 

06-00-92 

MW4)155 

12-Iaii-93 

MW4)155 

lMaii-93 

MW4)155 

09^Apr-93 

MW.0155 

2S-Jui-93 

MW4)156 

14-Sep.89 

Tabic  K-6 

VOC  GSAF  CoaccaOattuca  ap  to  Third  Q— rUr  1993  Satpaat  Period 


LocoUoo 

ID 

LcfOik 

MW-0156 

26-Fd>-90 

MW-0150 

14-Miy-90 

B(rW-0156 

0^Aug-90 

MW-0156 

29-Oct-90 

MW-0156 

29-Oct-90 

MW-0156 

15-310-91 

MW-0156 

29-A|ir-91 

MW-0156 

29-A|0-91 

MW-0156 

Ol-Aug-91 

MW-0156 

09-Oa-91 

MW-0156 

22-310-92 

MW-0156 

08-3ul-92 

MW-0156 

08-O(t-92 

MW-0156 

27-310-93 

MW-0156 

19-Api-93 

MW-0156 

29-3(11-93 

MW-0157 

21-Se|>-89 

MW-0157 

19-F«b-90 

IJ-DCA  U-OCE 


c-l^DCE 


MW-0157 


MW.^1S7 


MW-0157 


MW-0157 


MW-0157 


MW-0157 


MW-0157 


MW-0157 


MW-0157 


MW-0157 


MW-0157 


MW-0157 


MW-0157 


MW-0157 


MW-015* 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0158 


MW-0159 


MW-0159 


MW-0159 


MW.0159 


MW-0159 


MW-0159 


MW-0159 


MW-0159 


MW-0159 


20-A|)r-90 


05-Jul- 


05-JU1-90 


30-0c(-90 


07-Jaii-91 


08-May-91 


06-Aug-91 


21-OCI-91 


2t-Oct-91 


3aiu-92 


28-1U1-92 


22-OGt-92 


l4-Iaii-93 


29-JuI-93 


05-Oc(-89 


05-O(t-89 


13-Feb-90 


13-A()r-90 


12-JU1-90 


23-OGt- 


22-;aii-91 


08-May-91 


ll-Jul-91 


08-Oct-91 


08-Oct-91 


23-310-92 


26-M>-92 


17-Jul-92 


22-OCI-92 


14-3111-93 


03-Aut-93 


2S-Dec49 


ll-Miy-90 


05-3(11-90 


07-NOV-90 


07-No*^90 


07-310-91 


05-Apr-91 


0^Alw-91 


25-Oc«-91 


TakkK-6 


VOCCSAFCmtltwiHiiiiiy  to  TMfdQiiMUrl9WS—plhg  Period 


f  tTwtkm 

m 

La«DM> 

la-ocA 

U-DCB 

c-tJ-OCB 

PCE 

1,1.1.TCA 

TCt 

VC 

fiihwtyi 

bCH 

Zm 

MW-0159 

0 

0 

0 

0 

!20 

0 

5.45E4»5 

B 

A 

MW-01S9 

31-140-92 

2-1 

0 

2.9 

0 

0 

B 

A 

MW-0159 

17-Jul-92 

1-1 

0 

55 

5 

0 

110 

0 

B 

mm 

MW-0159 

0<W)ct-92 

2-6 

0 

77 

10 

0 

110 

0 

B 

mm 

MW-0159 

14-1*0-93 

B 

A 

MW-0159 

0 

42 

6.3 

0 

0 

B 

A 

MW-0159 

03-Aug-93 

0 

0 

38.70 

32.3 

0 

263 

0 

B 

A 

MW-0160 

0 

0 

0 

0 

3.6 

0 

5.64E4)6 

A 

A 

MW-0160 

ll-Oet-*9 

_ 9^ 

_ 

4 

0 

A 

A 

MW-0160 

16-OGt-<9 

0 

A 

A 

MW-0160 

17-1*0-90 

0 

0 

_ ^ 

0 

13 

0 

A 

A 

MW-0160 

20-MK-90 

0 

0 

0 

21 

0 

1.64E4)5 

A 

A 

0.34 

0 

0 

_ E] 

27 

0 

A 

A 

MW-0160 

08-Aiig-90 

0 

0 

_ Oj 

31 

A 

A 

MW-0160 

1.1 

0 

i— 

0 

0^ 

29 

0 

2.14E-05 

A 

A 

MW-0160 

16-00-90 

1.7 

0 

0 

0 

23 

0 

A 

A 

MW-0160 

2.3 

0.85 

2.4 

0.58 

56 

0 

3.57E4^ 

A 

A 

3.1 

0 

0 

0 

54 

0 

A 

A 

MW-0160 

25-Apr-91 

3.4 

0 

0 

0 

61 

0 

A 

A 

MW-0160 

09-liil-91 

2.4 

0 

0 

0 

80 

0 

A 

A 

MW-0160 

21-00-92 

6.5 

6.6 

46 

0 

0 

72 

0 

A 

A 

MW-0161 

06-00-69 

0 

0 

0 

0 

0 

0 

0 

A 

c 

MW-0161 

11-00-69 

0 

0 

0 

0 

0 

0 

0 

A 

C 

MW-0161 

bhhh 

^Bl 

bibibdi 

A 

c 

MW-0161 

2M)ec49 

0 

0 

0 

0 

0 

0 

A 

c 

MW-0161 

16-M*y-90 

0 

0 

0 

0 

0 

0 

0 

A 

c 

MW-0161 

30-1111-90 

0 

0 

0 

0 

0 

0 

0 

A 

c 

MW-0161 

0 

0 

0 

0 

0.22 

0 

A 

c 

MW-0161 

06-All(-91 

0 

0 

0 

0.26 

0 

A 

1^9 

MW-0161 

26-1111-93 

0 

0 

0 

0.73 

HB^l 

A 

u 

MW-0161 

26-1UI-93 

0 

0 

0 

0 

0 

0.97 

0 

A 

MW-0162 

04-Dec-69 

0 

0 

0 

0.37 

39 

0 

ma 

MW-0162 

04-Deo-69 

0 

0.39 

_ 0 

0 

26 

0 

1.22E4)5 

B 

■a 

ma 

H3 

H3 

ma 

msM 

s 

s 

ES 

n 

MW-0162 

20-MK-90 

0 

0.63 

9.8 

0 

B 

MW-0162 

20-MB-90 

0 

0.48 

0.79 

6.5 

0 

B 

MW-0162 

06Aug-90 

0 

065 

0 

0.32 

0 

0 

mam 

MW-0162 

06-Aiig-90 

0.74 

0 

0 

27 

0 

1.48E4)6 

B 

MW-0162 

3<W)O-90 

0 

0 

0 

0 

18 

0 

B 

MW-0162 

06-M*y-91 

0 

0 

0 

0 

9.1 

0 

B 

MW-0162 

07-lal-92 

0 

0 

0.99 

0 

0 

7.4 

0 

2.31E4)6 

B 

MW-0162 

27-1U1.93 

0 

0 

0 

18.30 

0 

B 

MW-0163 

25-1*0-90 

0 

0 

0 

7.3 

0 

B 

MW-0163 

24-A(it-90 

0 

0 

0 

0 

6.5 

0 

MW-0163 

24-Apt-90 

0 

0 

0 

0 

9.9 

0 

B 

MW-0163 

07-Au|-90 

0 

0 

0 

0 

7.4 

0 

2.31E4)6 

B 

MW-0163 

23430-90 

0 

— 

0 

0 

7 

0 

2.18E4)6 

B 

MW-0163 

23-1*0-91 

B 

MW-0163 

22-lui-91 

0 

0 

0 

8.4 

0 

imjm 

MW-0163 

27-1*0-93 

0 

0 

0.69 

0 

5.5 

0 

1.72E4)6 

B 

MW-0164 

07-NOV-69 

0 

0 

0 

25 

0 

9.79E4)6 

B 

MW-0164 

26-1IIO-90 

0.16 

0 

0 

12 

0 

578E4)6 

B 

MW-0164 

30430-90 

0 

0 

0 

4.5 

14 

0 

4.37E4)6 

B 

MW-0164 

14-1*0-91 

0.3 

1.2 

0.47 

0.46 

17 

0 

6J5E4)6 

B 

MW-0164 

09-AiiT-91 

0.43 

1.7 

0 

0 

13 

0 

6.62E4)6 

B 

MW-0164 

29-101-91 

0 

0 

0 

0 

13 

0 

6.S4E4)6 

B 

MW-0164 

29^101-91 

0.47 

0 

0 

0 

13 

0 

6.84E4)6 

B 

MW-0164 

19-Apt-93 

0.15 

0.62 

10 

0 

0 

17 

0 

1.61E4)5 

B 

MW-0164 

19-A|i(-93 

0.31 

nd 

10 

0 

0 

16 

0 

1.61E-05 

B 

MW-0163 

06-Na«49 

0 

0 

0 

170 

0 

B 

B 

MW-0163 

26-1UO-90 

0 

0 

[|||HHH||[Q 

0 

61 

0 

B 

0 

0 

0 

0 

94 

0 

2.16E4)5 

B 

pViMMl^.nnnnlVwMt'irABLEKdJaS 


hfe33of60 


05/11/94 


CB  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  B  bI 


Table  K-< 

VOCCSAPCeiiMatoadoniy  ta'niiriQBai«erH93SaMplliigPti1o<l 


Pa(cXcC<0 


VOCG8AFC 

ToMiK-« 

^3  to  IMtO  Qoortir  1993  Suoglhg  PuM 

1  ifirtiiM 
ID 

UllMe 

l.»CA 

U-KS 

c-U-OCE 

PCB 

LU-TCA 

TOE 

VC 

Uklw 

MW-0187 

23-A|>.93 

0 

0 

0 

0.31999999 

0 

1.60000002 

0 

1.9SE-06 

MW-01S8 

23.MV-90 

0 

0 

0 

0.3 

0 

2.00E-07 

MW-Ot88 

ll.Juii-90 

0 

0 

0 

0 

0.46 

0 

3.24E-06 

MW-0188 

12Oet.90 

0 

0 

0 

0 

0 

0 

0 

MW-0188 

23.iu-91 

0 

0 

0 

0 

0 

0 

8.91E-08 

MW-0188 

18.Aiii.91 

0 

0 

0 

0 

0 

0 

4.34E-07 

MW-0188 

30-}ii|.91 

0 

0 

0 

2 

2.6 

0 

8.12E-07 

MW-0188 

19.Iui.93 

0 

0 

0 

0 

0 

1 

0 

3.12E07 

MW-0189 

17-A(V-90 

0 

0 

0 

0 

0 

0 

0 

MW-0189 

21.JuB.90 

0 

0.37 

0 

0 

0 

0 

0 

MW-0189 

22.00-90 

0 

0 

0 

0 

0 

0 

0 

MW-0189 

16-Jaa-91 

0 

0 

0 

0 

0 

0 

1.05E4J7 

MW-0189 

29-Jul-91 

0 

0 

0 

0 

0 

0 

0 

MW-0189 

21-A|u-93 

0 

0 

0 

8.60000038 

0 

30 

0 

4.42E4)3 

MW-0190 

19-MV-90 

0 

0 

0 

0 

0 

0 

1.57E-06 

MW.0190 

22-00-90 

0 

0 

0 

0 

0 

0 

0 

MW-0190 

29-JU1-91 

0 

0 

0 

0 

0 

0 

0 

MW-0191 

0^Mu-90 

0 

0 

.  0. 

0 

0 

0 

MW-0191 

12-Jub-90 

0 

0 

0 

0 

0 

0 

0 

MW.0191 

19-00-90 

0 

0 

0 

0 

0 

0 

9.19E-07 

MW-0191 

15-110-91 

0 

0.41 

0.76 

0.23 

5.3 
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0 
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0 
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0 

0 
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MW-0198 
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MW-0198 
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MW-0198 
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MW-0199 


MW-0199 


MW-0199 


MW-0199 


MW-0199 


16-Apr-90 
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0M^^91 
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29-Aiig-90 
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MW-0219 
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c 
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26-Feb-92 

0 

0 

0 

0 

0 

0 

0 

c 

A 

MW-1018 
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0 
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D 

A 
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0 
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2 

0 

D 

A 
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0 

0 
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0 
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A 
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0 

1.1 

0 

3.7 

0 

D 

A 
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4 

0 

D 

A 

MW-1019 
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0.26 

I.S 
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D 

A 
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0 
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0 
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0 

D 

A 
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0 

0.11 
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0 
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0 

D 

A 
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0 

0.43 

0 

1.3 

0 

1.12E-06 

D 

A 
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0 

0 
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0 
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0 
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D 

A 
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0 

0 

0.55 

0 
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0 

D 

A 
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0 

0 
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0 
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0 
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A 
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19-Apr-89 

0 

0 

0.6 

0 

1.1 

0 
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D 

A 
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0 

0 

0.64 

0 

1.2 

0 

1.43E-06 

D 

A 
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0 

0 

0 

0 

1.2 

0 

3.75E-07 

D 

A 

MW.10I9 
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0 

0 

0.83 

0 

1.5 

0 

1.88E-06 

D 

A 

MW-1019 

21-Dee-89 

0 

0 

0.87 

0 

1.7 

0 

D 

A 

MW-1019 

Ol-Fgii-90 

0 

1 

0 

2.1 

0 

1.94E-06 

D 

A 

MW-1019 

06-A|o-90 

0 

1.1 

0 

2.5 

0 

2.37E-06 

D 

A 

MW-1019 
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0 

0 

0.6 

0 

1.3 

0 
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D 

A 
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24-Oo(-90 

0 

0 

0 

1.4 

0 
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D 

A 
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0 
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0 

1 

0 
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D 

A 
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0 

0 

0.59 

0 

1.4 

0 
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D 

A 
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08-Apr-91 

0 

0 
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0 

2.6 

0 
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D 

A 
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0 

0 

0.33 

0 

1.5 

0 
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D 

A 
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0 

0 

0.32 

0 

1.2 

0 

7.84E417 

D 

A 

MW-1019 

21-1(0-92 

0 

0 

0.38 

0 

1.7 

0 

2.74E-06 

D 

A 

MW-1019 
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PREPARED  FOR:  McQellan  Air  Force  Base 


DATE:  November  7,  1993 

SUBJECT:  Innovative  Technologies  Screening 

Groimdwater  OU  RI/FS  Report 

Delivery  Order  No.  5066 

PROJECT:  SAC28722.66.NT 


Overview  and  Approach 

The  scope  of  the  Groundwater  Operable  Unit  Feasibility  Study  at  McQellan  AFB 
includes  the  evaluation  and  screening  of  applicable  innovative  technologies  to  reme¬ 
diate  contaminated  groundwater.  These  technologies  passed  through  a  two-tiered 
screening  process  and  the  field  was  narrowed  down  to  the  most  promising  technol¬ 
ogies.  The  screening  process  followed  the  sequence  of  steps: 

1.  Site  Information  Review 

2.  Kickoff  Brainstorming  Session 

3.  Primary  Technology  Information  Review 

4.  Initial  Technology  Identification 

5.  Primary  Technology  Screening 

6.  Murder  Board  Meeting 

7.  Secondary  Technology  Information  Review 

8.  Secondary  Screening 

9.  Alternatives  Development  Update/Consensus  Meeting 

10.  Screening  Documentation 

The  primary  literature  review  identified  37  technologies  to  be  potentially  applicable 
for  groundv^ter  remediation  at  McQellan  AFB.  The  primary  screening  reduced  this 
number  to  16,  and  the  secondary  screening  further  reduced  this  list  to  7  technologies. 
McQellan  AFB  and  applicable  agencies  participated  in  the  selection  and  screening 
process. 

Three  preliminary  assumptions  were  made  for  technology  screening.  The  first  was 
that  the  irmovative  technologies  initially  would  be  implemented  in  Monitoring  Zone  A 
since  the  A  zone  reportedly  contains  greater  than  90  percent  of  the  contaminant  mass 
in  the  groundwater  at  McClellan  AFB.  The  second  was  that  trichloroethene  (TCE) 
woirld  be  the  primary  contaminant  targeted  for  cleanup,  although  other  important 
chemicals  were  also  considered.  The  third  was  that  irmovative  technologies  initially 
would  be  implemented  in  contaminant  hot  spots  to  achieve  the  greatest  remedial 
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benefit.  TCE  "hot  spots"  were  initially  defined  as  1,000  ^g/1,  though  later  changed  to 
SOO  /ig/1. 

Primaiy  Technology  Information  Review 

Identifying  potentially  applicable  technologies  and  obtaining  information  for  screening 
were  the  two  objectives  of  the  primary  literature  review.  The  h'st  of  information 
sources  consulted  is  presented  in  Table  Ll-1.  The  information  gathered  from  these 
sources  is  sununarized  in  Tables  Ll-2  through  Ll-6. 

Primaiy  Screening 

The  potentialfy  applicable  technologies  were  organized  into  five  categories: 

•  In  Situ  Biological  Treatment 

•  In  Situ  Physical/Chemical  Treatment 

•  Ex  Situ  Biological  Grovmdwater  Treatment 

•  Ex  Situ  Physical/Chemical  Groundwater  Treatment 

•  Offgas  Treatment 

Three  primaiy  screening  criteria  were  established  to  evaluate  the  technologies: 

•  Potential  effectiveness 

•  Development  status 

•  Relative  cost 

Using  the  primaiy  screening  information  summarized  in  Tables  Ll-2  through  Ll-6, 
five  team  members  independently  graded  each  treatment  technology.  The  technol¬ 
ogies  were  graded  by  assigning  a  score  for  each  criterion  based  on  a  scale  of  1  to  S, 
where  1  represented  "least  favorable"  and  5  represented  "most  favorable."  For  devel¬ 
opment  status,  a  more  objective  scale  was  used: 

1  =  sub-bench  scale 

2  =  bench-scale 

3  =  pilot-scale 

4  =  demonstration  scale 

5  ==  full-scale 

Each  technology  was  scored  relative  to  others  within  the  same  category.  Each  of  the 
three  criteria  were  weighted  equally,  so  the  maximum  composite  score  was  IS. 
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Table  Ll-l 

Initial  Innovative  Technology  Information  Sources 


Databases  and  Bulletin  Boards 
VISITT  Database 
ATTIC  Daubase 

CLU-IN  Electronic  Bulletin  Board 

RREL  Database 

ORD  Electronic  Bulletin  Board 


Reports  and  Programs 

EPA  Bioremediation  Action  Committee 
EPA  Bioremediation  Field  Initiative 

EPA  SITE  Program  (Site  Technology  Profiles:  Fifth  Edition,  November  1992) 
EPA  Innovative  Treatment  Report 

Literature  and  Proceedings 

EPA  Groundwater  Cunents 
HazTec  News 

Hazardous  Waste  Consultant 
Water  Environment  Research 

Nineteenth  Annual  RREL  Haz  Waste  Research  Proceedings 
Battelle’s  1993  Bioreclamation  Conference  Abstracts 

Hill  AFB  1993  Environmental  Restoration  Technical  Interchange  Symposium 

Other  Sources 

Internal  experts 

Subconsultants  (Dr.  Perry  McCarty  and  Dr.  Lewis  Semprini) 

Ciba-Geigy  Corporation 


The  scores  from  each  of  the  five  team  members  were  averaged.  The  average  scores 
were  reviewed  by  the  team  and  modified  by  eliminating  outlying  values  that  dispro¬ 
portionately  skewed  the  results.  The  average  composite  scores  were  plotted  (Figures 
Ll-l  through  LI -5),  and  the  primary  technology  screening  was  performed  by  arbi¬ 
trarily  selecting  a  cutoff  score  for  retaining/eliminating  technologies.  No  statistical 
anal^is  was  conducted  to  evaluate  significant  differences  between  scores.  The  objec¬ 
tive  of  the  primary  screening  process  was  to  reduce  the  list  of  technologies  to  a  man¬ 
ageable  size  for  further  development.  The  scoring  process  made  the  screening 
somewhat  quantitative,  but  professional  judgment  was  the  ultimate  basis  used  to 
develop  the  list  of  technologies  retained  after  primary  screening  (Table  Ll-7). 

Murder  Board  Meeting 

The  Murder  Board  Meeting  was  held  on  Jufy  21,  1993,  to  present  the  primary  screen¬ 
ing  results  to  McOellan  AFB  staff,  regulatory  agencies,  and  other  interested  parties. 
Participation  was  encouraged  at  this  meeting,  and  feedback  was  requested  on  the 
screening  process.  Screening  criteria,  scoring  tables,  and  bar  charts  were  presented, 
and  conseruus  was  reached  on  the  retained  technology  list.  However,  three  action 
items  to  be  addressed  resulted  from  this  meeting: 
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Waterioo  Centre  for  Permanganate  injection/extraction  oxides  contaminants.  At  development  stage. 

Groundwater  Research 
Graham  Farquar 
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Effectiveness  and  robustness  not 
demonstrated.  Advantage  over 
standard  rixed-film  biological 
system  not  demonstrated. 

Unknown  extent  of  air  emis¬ 
sions.  Aerobic  rector  not  expec¬ 
ted  to  be  effective  in  achieving 
chlorinated  VOC  reduction. 

Effectiveness  and  robustness  not 
demonstrated.  Advantage  over 
standard  fixed-film  biological 
system  not  demonstrated. 

Unknown  extent  of  air  emis¬ 
sions.  Aerobic  reactor  not 
expected  to  be  effective  in  achie- 
ving  chlorinated  VOC  reduction. 

May  not  be  able  to  handle  high 
flow  rates.  Treatment  effective¬ 
ness  not  yet  demonstrated  Bio¬ 
reactor  is  aerobic  and  not 
expected  to  achieve  chlonoaied 
VOC  reduction. 

_ 

Throughput  rate  may  be  limited 
by  reactor(s)  size.  Robustness 
and  cost-effectiveness  of  tech¬ 
nology  not  yet  demonstrated. 
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Likely  to  have  high  treatment 
capacity,  compact  design, 
reduced  O&M  cosu,  and  low 
sludge  production. 

Likely  to  have  reduced  O&M 
costs  and  low  sludge  produc¬ 
tion.  Appears  to  require  mini¬ 
mal  operator  allenlion. 

System  is  compact. 

Anaerobic  treatment  could  be 
effective  and  inexpensive  com¬ 
pared  to  other  technologies. 
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Treatability  and  dem¬ 
onstration  testing  has 
been  conducted  (G&H 
Landfill  in  Utica,  MI). 

Performed  pilot  test  in 
1986-87.  Since  then  has 
installed  more  than  20 
full-scale  qniems  and 
performed  several 
other  pilot  tests. 

No  demonstration  yet 
conducted. 

This  emerging  technol¬ 
ogy  has  been  tested  at 
the  bench-scale.  Pilot- 
scale  equipment  is 
available  fo'  use. 

Technology  Description 

Ftxed-flim  biotreatment  system 
designed  to  maximize  biological  activ¬ 
ity  and  contact  between  biofilm  and 
contaminants.  Applicable  to  a  wide 
range  of  organic  contaminants  (for 
aerobic  system)  and  chlorinated  sol¬ 
vents  (with  anaerobic  system). 

Patented  biological  treatment  system 
using  heated  influent  in  an  immo- 
bilized-biomass,  multiple  cell  reactor. 
Can  be  operated  under  aerobic  (fine 
bubble  membrane  diffusers)  or  anaer¬ 
obic  conditions. 

Process  consists  of  a  bioreactor  com¬ 
bined  with  an  ultrafiltration  mem¬ 
brane  system  to  recover  and  recycle 
biological  solids  and  high  molecular 
weight  organics.  Results  in  a  system 
that  can  treat  high  BOD  wastes  at  a 
long  sludge  retention  time  but  short 
HRT. 

Proprietary  technology  uses  fixed-niro 
bioreactors  under  anaerobic  condi¬ 
tions  to  achieve  degradation  of  halo- 
genated  solvents. 

A 

1 

Immobilized  Cell  Bio¬ 
reactor 

Allied-Signal,  Inc. 

(ICB  Biotreatment 
System) 

Ralph  Nuasbaum  or 
Timotliy  Love 
(201-4SS-3190) 

Biological  Aqueous 
Treatment  S^tem 
(BATS) 

Biotrol,  Inc. 

Dennis  Chilcote 
(612-+48-2515) 
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Table  Ll-4 

Pilmaiy  Screcnliig  Infennallon 
Situ  Biological  GroondwaUr  Trealmenl  Tcchnologlts 
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RQURE  LI-1 

PRIMARY  SCORING  SUMMARY  IN  SITU 
BIOLOGICAL  TREATMENT  TECHNOLOGIES 

QROUNOWATER  OPERABLE  UNIT  RI/FS 
McClellan  air  force  base 

SACRAMENTO,  CAUFORNIA 
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HGURE  LI -2 

PRIMARY  SCORING  SUMMARY 
IN  SITU  PHYSICAUCHEMICAL 
TREATMENT  TECHNOLOGIES 

GROUNDWATER  OPERABLE  UNIT  Ri/PS 

McClellan  air  force  base 

SACRAMENTO,  CAUFORNIA 
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PRIMARY  SCORING  SUMMARY 
EX  SITU  PHYSICAUCHEMICAL 
GROUNDWATER  TREATMENT  TECHNOLOGIES 

GROUNDWATWER  OPERABLE  UNIT  RI/FS 

McClellan  air  porce  base 

SACRAMENTO,  CAUPORNIA 
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FIGURE  LI-5 

PRIMARY  SCORING  SUMMARY 
OFFGAS  TREATMENT  TECHNOLOGIES 

QROUNOWATER  OPERABLE  UNIT  RI/FS 
McClellan  air  force  base 

SACRAMENTO.  CAUFORNIA 


H001«»<.174 


amiHiiL 


Table  Ll-7 

Retained  Technologies  After  Primaiy  Screening 
(Preiiminary) 


In  Situ  Bioio^cal  Treatment 
Cometabolic 
Anaerobic 
Anaerobic/Aerobic 

In  Situ  Physkal/Chendcal  Treatment 
Sparging/Soil  Vapor  Extraction 

Ex  Situ  Biological  Groundwater  Treatment 
Cometabolic 
Anaerobic 
Anaerobic/Aerobic 

Ex  Situ  Physical/Chemical  Groundwater  Treatment 
Photolytic  Oxidation 
High  Energy  Electron  Irradiation 

Oilgas  Treatment 

Photolytic  Oxidation 

Biotreatment/Cometabolic 

Resin  Adsorption 

High  Energy  Electron  Irradiation 

Miscellaneous 

Natural  Attenuation 
Implementation  Methods 

In  Situ  Recirculation  Unit 


1.  To  contact  additional  sources  of  information: 

•  DOD/DOE:  Savannah  River,  Hanford 

•  TyndaU  AFB:  Catherine  Vogel 

•  ^CEE:  Colonel  Miller 

•  EPA:  Terry  Vandall,  Terry  Lyons 

2.  To  reconsider  three  technologies  that  were  initially  screened  out: 

•  Steam  InjectionA^apor  Extraction  (SIVE) 

•  Metal-Catalyzed  Dehalogenation 

•  Resin  Adsorption  (Ex  Situ  Groundwater  Treatment) 

3.  To  add  four  technologies  that  had  not  been  included  into  the  primary  roimd: 

•  Dual  Phase  High  Vacuum  Extraction  (In  situ  Physical/Chemical) 

•  High  Temperature  Steam  Destruction  (Ex  Situ  Physical/Chemical) 

•  Flameless  Thermal  Oxidation  (Offgas) 

•  Wet  Oxidation  (Ex  Situ  Physical/Chemical) 


RDD10012I>4aWPS 


Ll-24 


11/7/93 


Secondary  Technology  Information  Review 

This  task  included  addressing  the  action  items  from  the  Murder  Board  Meeting,  as 
well  as  preparing  for  the  secondaiy  screening.  The  first  action  item  was  to  contact 
additional  sources  of  information.  A  list  of  contacts  and  subjects  discussed  is  presen¬ 
ted  in  Table  Ll-8. 

The  second  action  item  was  to  add  several  technologies  to  the  screening  process. 

Dual  Phase  High  Vacuum  Extraction  was  a  technology  being  considered,  but  the 
appropriateness  of  including  it  in  the  screening  was  imclear  because  it  is  currently 
being  tested  at  McQellan  AFB  by  Radian  Corporation.  McQellan  AFB  staff  assured 
the  group  that  it  is  appropriate  to  include  in  this  study.  Further  research  and 
contacting  of  vendors  provided  information  to  screen  the  other  three  additional  tech¬ 
nologies.  All  four  of  these  were  subjected  to  the  primary  screening  process.  Dual 
Phase  High  Vacuum  Extraction  and  Flameless  Thermal  Oxidation  both  scored  high 
enough  to  be  retained,  while  High  Temperature  Steam  Destruction  and  Wet  Oxida¬ 
tion  were  eliminated  from  consideration  at  the  primary  level. 

The  final  action  item  was  to  reconsider  several  technologies  that  did  not  score  well 
enough  to  be  retained  to  the  secondaiy  round.  McQellan  AFB  staff  wanted  steam 
injectioivVapor  extraction  (SIA^)  reconsidered  since  it  scored  relatively  low  in  the 
primary  screening,  even  though  this  technology  is  proposed  for  pilot  testing  at  the 
Base.  It  was  pointed  out  that  if  SWE  were  retained  through  primary  screening, 
Metal-Catalyzed  Dehalogenation  and  Resin  Adsorption  (for  groundwater  treatment) 
should  also  be  reconsidered,  since  those  technologies  scored  higher  than  SWE. 

Upon  reconsideration  and  further  research,  SWE  was  retained,  but  not  the  other 
two,  into  the  secondaiy  screening.  Metal-Catalyzed  Dehalogenation  is  relatively 
undeveloped;  the  developer  gave  a  reserved  endorsement  of  the  technology.  Consul¬ 
tation  with  resin  manufacturers  did  not  reveal  any  significant  advancements  in  the 
development  of  resins  for  removing  chlorinated  solvents  firom  grormdwater,  so  that 
technology  was  eliminated  fi-om  further  consideration. 

The  revised  list  of  retained  technologies  from  primary  screening  is  shown  as 
Table  Ll-9.  Further  research  (literature  review,  vendor  contracts,  consultation  with 
internal  and  external  consultants)  was  conducted  to  obtain  more  detailed  information 
on  these  retained  technologies. 
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Table  U-8 

Additional  Information  Sources 

Contact 

Techttoiogies/Projects  Discussed 

Sara  Madearis 

Clean  Sites 

Air  sparging 

Resin  adsorption 

Terry  Lyons 

EPA 

Emerging  technologies 

Ron  Lewis 

EPA 

Biological,  physical/chemical  processes 

Kim  Kreiton 

EPA 

Biological  processes 

Franklin  Alvarez 

EPA 

Savannah  River  projects 

Catherine  Vogel 
lyndall  AFB 

Bioremediation 

Kumar  Topudurti 

PRC  Environmenul 
Management  Inc 

Savannah  River  projects 

Patridc  Haas 

1  AFCEE 

Surfactants,  natural  attenuation, 
cometabolic  reactors,  reductive 
dehalogenation. 

Scott  Vance 

Battelle  (Hanford) 

General  DOE  projects 

Teny  Walton 

Battelle  (Hanford) 

General  DOE  projects 

Brian  Looney 

Savannah  River 

General  DOE  work, 

E-Beam  (groundwater) 

John  Haslow 

Savannah  River 

E-Beam  (vapor) 

Jane  Bibler 

Savannah  River 

E-Beam  (groundwater) 

DoUoff  Bishop,  Jr. 

EPA 

Biofiltration 

- 
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Table  Ll-9 

Retained  Technologies  from  Primary  Screening 
(Final) 


1  In  Situ  Treatment  I 

• 

Anaerobic  Biotreatmem  1 

• 

Cometaboiic  Biotreatment  1 

• 

Anaerobic/Aerobic  Biotreatment  | 

• 

Sparging/Soil  Vapor  Extraction  (SVE)  | 

• 

Steam  Injection/Vapor  Extraction  (SIVE)  I 

• 

High  Vacuum  Dual  Phase  Extraction  y 

1  Ex  Situ  Groundwater  Treatmmit  | 

• 

Anaerobic  Biotreatment 

Cometaboiic  Biotreatment 

Anaerobic/Aerobic  Biotreatment 

Photoiytic  Oxidation 

High  Energy  Electron  Irradiation 

I  Oqgas  Treatment  I 

• 

Cometaboiic  Biofiltration 

• 

Resin  Adsorption 

• 

Photoiytic  CMdation 

• 

High  Energy  Electron  Irradiation 

• 

Flameless  Thermal  Oxidation 

Secondaiy  Screening 

In  this  round  of  screening,  the  number  of  categories  was  reduced  from  five  to  three: 

•  In  Situ  Treatment 

•  Ex  Situ  Groundwater  Treatment 

•  Offgas  Treatment 

All  in  situ  processes  were  grouped  together  and  all  ex  situ  groundwater  processes 
were  grouped  together.  Technologies  were  again  screened  onty  against  the  others 
within  a  given  category.  In  other  words,  in  situ  biological  processes  were  now 
grouped  together  with  and  scored  against  in  situ  physical/chemical  processes. 

The  secondary  screening  criteria  and  subcriteria  are  shown  in  Table  LI- 10. 

For  each  technology,  all  subcriteria  were  assigned  a  score  from  1  to  3,  with  1  repre¬ 
senting  "least  favorable"  and  3  representing  "most  favorable."  Some  semiobjective 
guidelines  were  provided  to  aid  scoring: 
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I  Table  Ll-10 

Secoodafy  Screcniiig  Criteria 


Effectiveness 

Achievable  Level  of  Treatment 
Treatment  Consistency 
Advantages  over  Standard  Technology 

Robustness  D 

Range  of  Compounds  I 

Turaup/Tumdown  Capability  | 

Susceptibility  to  Upsets 

ImplementabilHy 

Vendor  Availability 
State  of  Development 
Patent  Issues 
Permitting  Issues 

Relative  Cost 


For  Achievable  Level  of  Treatment: 

•  3  =  greater  than  90  percent 

•  2  =  80  to  90  percent 

•  1  =  less  than  80  percent 

For  Vendor  Availability  (including  in-house  capabilities): 

•  3  =  many 

•  2  =  some 

•  1  =  few 

For  State  of  Development: 

•  3  =  Full-scale 

•  2  =  Pilot-scale 

•  1  =  Bench-scale 

For  Patent  Issues: 

•  3  =  Not  applicable 

•  2  =  Unknown 

•  1  =  Applicable 

For  Permitting  Issues: 

•  3  =  Not  applicable 

•  2  =  Unknown 

•  1  -  Applicable 
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For  secdndaiy  screening,  technology  scoring  was  performed  by  a  panel  of  six  team 
members.  These  scores  were  compiled  by  criteria  and  averaged.  In  order  to  arrive  at 
the  most  feasible  alternatives  for  McQellan  AFB,  a  weighting  system  was  used  to 
score  the  technologies.  Effectiveness  and  implementability  were  determined  to  be 
more  important  criteria;  therefore,  they  received  a  weighting  factor  of  30  percent 
each.  Robustness  and  relative  cost  received  a  20  percent  weighting  factor.  The 
scores  were  comparatively  examined,  and  isolated  high  and  low  values  were  elimina¬ 
ted.  Composite  average  scores  were  computed  and  plotted  (Figures  LI -6  through 
Ll-8). 


Based  on  the  secondary  scoring  results,  seven  technologies  were  teconunended  to  be 
retained  for  further  development: 

In  Situ  Treatment 

•  Sparging/Soil  Vapor  Extraction 

•  Dual  Phase  High  Vacuum  Extraction 

•  Anaerobic  Biotreatment 

•  Cometabolic  Biotreatment 

Ex  Situ  Groimdwater  Treatment 

•  High  Energy  Electron  Irradiation 
Offgas  Treatment 

•  '  Resin  Adsorption 

•  Cometabolic  Biofiltration 

The  justification  for  retaining  a  disproportionately  large  number  of  in  situ  technol¬ 
ogies,  compared  to  ex  situ  technologies,  is  that  in  situ  treatment  has  the  potential  to 
provide  a  greater  benefit  to  the  overaU  Base  remediation  program.  It  is  possible  that 
in  situ  technologies  wiU  be  capable  of  reducing  the  mass  of  contaminants  more 
qiiickly  than  pump-and-treat  alone,  and  thereby  reduce  the  overall  remedial  duration. 
In  contrast,  the  best  that  can  possibly  achieved  by  ex  situ  technologies  is  treatment 
effectiveness  comparable  to  standard  technologies  (because  proven  standard  technol¬ 
ogies  exist  that  are  demonstrated  effective),  at  a  lower  cost  or  providing  some  other 
benefit  such  as  public  perception. 

Two  possible  applications  exist  for  the  offgas  treatment  technologies:  treatment  of  air 
stripper  offgas  or  treatment  of  offgas  firom  an  in  situ  soil  venting  technology. 
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Alternatives  Development  Update/Consensus  Meeting 

The  secondary  screening  and  scoring  process  were  presented  to  McClellan  AFB  staff, 
regulatory  agencies,  and  other  interested  parties  on  August  25,  1993,  at  the  Alterna¬ 
tives  Development  Update/Consensus  Meeting.  Comments  were  solicited  and 
received  from  the  attendees  on  the  screening  process  and  results.  Consensus  was 
reached  on  the  seven  recommended  technologies.  Implementation  plans  will  be 
developed  for  those  technologies. 
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Composite  Score  (%) 


RQURE  LI -6 

SECONDARY  SCREENING 
SUMMARY  IN  SITU  TREATMENT 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 
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RGURE  LI-7 

SECONDARY  SCREENING  SUMMARY 
EX  SITU  GROUNDWATER  TREATMENT 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CAUPORNIA 

- amiHiiL - 


Composite  Score  (%) 


Appendix  L2 


TECHNICAL  MEMORANDUM  U 


CKiilHIiL 


PREPARED  FOR;  McCleUan  Air  Force  Base 
DATE:  November  7,  1993 

SUBJECT:  In  Situ  Anaerobic  Biotreatment  Implementation  Plan 

Groundwater  OU  RI/FS  Report 

Delivery  Order  No.  5066 

PROJECT;  SAC28722.66.NT 


Technology  Overview 

Description 

In  situ  anaerobic  biotreatment  is  an  emerging  technology  for  remediating  groundwater 
contaminated  with  chlorinated  VOCs.  It  uses  anaerobic  microbial  metabolism  to 
transform  chlorinated  VOCs  to  less  chlorinated  or  nonchlorinated  products.  In  situ 
anaerobic  biotreatment  refers  to  the  process  of  adding  chemical  amendments  (such  as 
a  readily  degradable  organic  substrate,  and  inorganic  nutrients)  to  the  groundwater  to 
stimulate  anaerobic  biodegradation. 

Anaerobic  biodegradation  of  chlorinated  organics  occurs  by  reductive  dehalogenation, 
in  which  chlorine  atoms  are  removed  from  the  contaminant  molecule  one  at  a  time 
and  replaced  with  hydrogen.  Current  evidence  indicates  that  microorganisms  can  use 
halogenated  organics  as  the  electron  acceptor  in  biological  reactions  (Semprini, 

1993).  An  organic  substrate  (for  example,  benzoate,  acetate,  formate,  and  lactate)  is 
normally  added  to  provide  a  readily  available  source  of  carbon  and  energy.  The 
organic  substrate  donates  electrons  to  drive  the  transformation  reaction.  Nitrogen 
and  phosphorus  are  essential  nutrients  that  can  also  be  added  to  the  groundwater,  if 
needed. 

Chlorinated  aliphatic  hydrocarbons  (CAHs)  are  the  principal  organic  contaminants  in 
groimdwater  at  McQeUan  AFB.  Four  of  the  groundwater  CAH  contaminants  are 
common  industrial  solvents:  trichloroethene  (TCE),  tetrachloroethene  (PCE),  carbon 
tetrachloride  (CT),  and  1,1,1-trichlorethane  (1,1,1-TCA).  All  four  of  these  contami¬ 
nants  are  amenable  to  anaerobic  biodegradation.  Other  important  CAHs  foimd  in 
groundwater  at  the  Base  include  1,1-dichloroethene  (1,1-DCE),  1,1-dichloroethane 
(1,1-DCA),  chloroform  (CF),  cis-  or  trans-l,2-dichloroethene  (1,2-DCE),  methylene 
chloride  (MC),  and  vinyl  chloride  (VQ.  These  compounds  either  may  have  been 
used  at  McQellan  AFB  for  some  purpose  or  may  have  appeared  in  groundwater  as  a 
result  of  anaerobic  biodegradation  of  parent  CAH  solvents.  According  to  McCarty, 
1993,  some  anaerobic  transformation  products  are: 
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1,1,1-TCA 

TCE 

PCE 


1.1- DCA 

1.2- DCE,  VC,  ethene,  ethane 
TCE,  1,2-DCE,  VC,  ethene,  ethane 


In  addition  to  these  intermediate  transformation  products,  end-products  of  anaerobic 
treatment  include  methane,  carbon  dioxide,  and  inorganic  compounds.  Under  the 
best  conditions,  reductive  dehalogenation  would  be  complete,  and  the  remaining  non- 
chlorinated  compounds,  which  have  significantly  reduced  associated  health  risks, 
would  slowly  degrade  aerobically  when  ambient  conditions  are  reestablished  at  the 
conclusion  of  anaerobic  treatment  system  operation.  Many  of  the  transformation 
products  are  also  amenable  to  aerobic  treatment.  For  example,  vinyl  chloride  trans¬ 
forms  rapidly  in  aerobic  conditions. 

Implementation  Methods 

There  are  four  basic  configurations  for  implementing  in  situ  anaerobic  biotreatment: 

•  In  situ  recirculation  wells 

•  Vertical  injection  and  extraction  wells 

•  Horizontal  injection  and  extraction  wells 

•  Reactive  walls 

These  four  alternatives  are  depicted  schematically  in  Figure  L2-1,  and  are  described 
below.  Additional  configurations  are  possible,  including  combinations  of  the  systems 
described. 

An  in  situ  recirculation  well  consists  of  a  vertical  well  that  has  two  separate  screened 
intervals  in  the  saturated  zone  and  a  seal  in  the  well  above  the  upper  screen.  A  sub¬ 
mersible  pump  is  positioned  between  the  screens  to  force  water  out  the  bottom 
screen  while  drawing  water  in  through  the  top  screen  (or  vice  versa).  Pumping 
groimdwater  in  this  fashion  results  in  flow  paths  like  those  depicted  in  Figure  L2-1. 
Chemical  amendments  are  added  to  the  groundwater  within  the  well. 

A  combination  of  vertical  injection  and  extraction  wells  is  the  traditional  system  used 
for  in  situ  groundwater  bioremediation.  Substrate  and  nutrients  are  injected  and 
ptunped  through  the  contaminated  groundwater  zone  between  injection  and  extrac¬ 
tion  wells  to  create  a  biologically  active  zone  where  treatment  occurs.  Horizontal 
injection  and  extraction  wells  function  similarly  to  vertical  wells  except  that  the  wells 
are  oriented  horizontally  in  the  contaminated  zone  and  therefore  can  influence  a 
larger  lateral  area. 

Reactive  walls  are  either  trenches  or  a  linear  array  of  wells  designed  to  create  a  cur¬ 
tain  through  which  groundwater  passes  under  ambient  gradients  and  in  which  the 
desired  biological  reactions  occtir. 
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The  four  basic  implementation  alternatives  have  different  applicabilities  and  advan¬ 
tages  and  disadvantages  with  respect  to  site  and  contaminant  distribution  conditions. 
Because  of  the  great  depth  to  groundwater  at  McQellan  AFB,  vertical  wells  and  in 
situ  recirculation  units  are  probably  the  two  most  feasible  implementation  alternatives 
for  in  situ  anaerobic  biotreatment  at  the  Base. 

Development  Status 

Extensive  bench-scale  research  on  anaerobic  biotreatment  of  contaminated  ground- 
water  has  been  conducted  at  universities  and  by  vendors.  Effective  anaerobic  treat¬ 
ment  of  CAHs  is  well  documented. 

One  full-scale  application  of  in  situ  anaerobic  biotreatment  of  CAH-contaminated 
groundwater  has  been  performed  at  DuPont’s  Victoria,  Texas,  site.  Complete  dehalo- 
genation  of  PCE  to  ethene  was  demonstrated.  Because  of  these  promising  results, 
DuPont  is  actively  looking  for  other  sites  at  which  to  implement  this  technology. 

Field  pilot  testing  of  in  situ  anaerobic  biotreatment  of  CAHs  in  groundwater  is 
reportedly  planned  for  next  year  at  the  Moffett  Naval  Air  Station  site  by  Stanford 
University  researchers. 


Potential  Benefits 

This  section  describes  the  performance,  advantages  and  disadvantages,  and  cost  bene¬ 
fits  associated  with  in  situ  anaerobic  biotreatment.  This  information  is  intended  to 
provide  a  basis  for  evaluating  the  potential  benefits  of  implementing  the  technology  as 
part  of  the  overall  McQellan  AFB  groundwater  cleanup  program. 

General  Performance 

Effectiveness 

•  The  ability  of  aquifer  microorganisms  to  effectively  biodegrade  under 
anaerobic  conditions  is  well  demonstrated. 

•  CAHs  can  be  completely  biodegraded  to  nonchlorinated  end  products. 

•  In  situ  biotreatment  effectively  degraded  PCE  to  ethene  at  a  full-scale 
groundwater  remediation  project  in  Victoria,  Texas. 

Robustness 

•  Anaerobic  biotreatment  is  effective,  to  some  degree,  at  degrading  all  of  the 
CAHs  present  in  McQellan  AFB  groundwater. 
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•  Relative^  minor  contaminants  in  Base  groimdwater,  such  as  benzene,  toluene, 
ethylbenzene,  and  xylene  (BTEX)  compounds  and  ketones,  may  be  degraded 
more  slowly  under  anaerobic  conditions  than  aerobic  conditions. 

•  In  situ  anaerobic  biotreatment  is  subject  to  inhibitory  effects. 

•  As  with  all  in  situ  technologies,  control  over  subsurface  conditions  is  critical  to 
treatment  performance,  as  heterogeneities  and  mass  transfer  requirements 
limit  effectiveness. 

Potential  Risk  Reduction 

In  situ  anaerobic  treatment  has  the  potential  to  reduce  risk  by  biodegrading  ground- 
water  contaminants  and  thereby  reducing  the  contaminant  mass  in  the  subsurface.  By 
accelerating  contaminant  removal,  the  time  to  achieve  remedial  goals  may  be  short¬ 
ened.  Injection  of  chemicals  into  groundwater  and  formation  of  intermediate  trans¬ 
formation  products  could  constitute  new,  albeit  temporary,  sources  of  risk,  but  ade¬ 
quate  hydrologic  control  would  be  maintained  to  mitigate  these  risks  during  system 
operation. 

Advantages  Compared  to  Other  Technologies 

•  Destruction  of  contaminants  occurs  in-place.  Because  treatment  occurs  in  situ, 
contaminant  desorption  is  accelerated. 

•  High  concentrations  of  contaminants  (tens  of  mg/1)  can  be  treated. 

•  This  technology  may  be  effective  at  treating  contaminant  mixtures. 

•  This  technology  is  capable  of  treating  highly  halogenated  solvents  such  as  PCE, 
CT,  and  fireons,  which  are  not  degradable  under  anaerobic  conditions. 

•  In  general,  as  more  highly  halogenated  contaminants  are  biodegraded,  the 
transformation  products  become  more  mobile,  which  may  enhance  their 
removal  via  groundwater  pumping. 

•  If  groundwater  extracted  in  conjunction  with  implementation  of  in  situ  anaero¬ 
bic  biotreatment  could  be  reinjected  without  abovegroimd  treatment  (e.g., 
during  implementation  using  vertical  injection  and  extraction  wells),  the  cost  of 
this  technology  would  be  significantly  reduced  relative  to  other  technologies 
requiring  aboveground  treatment.  EPA  has  prepared  a  position  statement 
allowing  for  reinjection  of  contaminated  water  when  appropriate  for  such  a 
treatment  scheme. 

•  The  difficulty  and  expense  of  supplying  oxygen  to  groundwater,  as  required  for 
in  situ  aerobic  biotreatment,  is  avoided  with  anaerobic  treatment. 
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•  Anaerobes  are  slow  growing,  so  biofouling  problems  should  be  minimal. 

•  Complete  biodegradation  of  CAHs  to  nontoxic  end  products  is  possible  with 
this  technology.  Even  if  dechlorination  is  incomplete,  transformation  byprod¬ 
ucts  are  more  amenable  to  aerobic  treatment  (following  operation  of  the  in 
situ  anaerobic  biotreatment  system)  than  the  parent  compounds. 

Disadvantages  Compared  to  Other  Technologies 

•  If  adequate  populations  of  anaerobic  bacteria  capable  of  degrading  CAHs  are 
not  present,  bioaugmentation  may  be  necessary,  though  added  microbes  may 
not  thrive  in  the  subsurface  environment.  However,  contaminant  data  indicate 
that  anaerobic  biodegradation  of  CAHs  is  already  occurring  at  certain  locations 
in  McQeUan  AFB  groundwater,  indicating  the  presence  of  the  necessary 
microorganisms. 

•  If  electron  acceptors  such  as  oxygen,  nitrate,  sulfate,  or  ferric  iron  are  present 
in  Base  groundwater,  they  must  first  be  depleted  before  reductive  dehalogena- 
tion  of  target  contaminants  will  occur.  This  is  achieved  by  adding  sufficient 
organic  substrate  to  allow  biological  utilization  of  those  electron  acceptors. 

•  Vinyl  chloride  is  a  toxic  transformation  product  of  anaerobic  biodegradation  of 
PCE,  TCE,  and  DCE.  It  has  a  higher  risk  factor  than  the  parent  compounds 
and  can  be  difficult  to  treat  some  aboveground  treatment  processes. 

•  If  required,  aboveground  water  treatment  will  significantly  increase  the  cost  of 
the  technology  and  will  have  permitting  requirements. 

•  Reinjection  of  groundwater  (with  or  without  treatment)  and  injection  of  chemi¬ 
cal  amendments  will  require  regulatory  approval. 

•  Water  quality  problems,  such  as  reduced  iron  and  manganese,  methane,  fer¬ 
mentation  products,  and  sulfide  can  result  firom  anaerobic  conditions. 

Relative  Cost  Beneflt 

The  cost  benefits  of  in  situ  anaerobic  biotreatment  would  result  from  increased  rates 

of  contaminant  removal  that  could  shorten  the  pump-and-treat  remediation  time. 

Cost  benefits  should  be  evaluated  through  an  analysis  of  savings  associated  with  the 

reduced  operation  time  of  pump-and-treat  after  accotmting  for  the  capital  and  oper¬ 
ating  costs  of  the  in  situ  anaerobic  biotreatment  system. 
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Potential  Locations 


In  situ  anaerobic  biotreatment  is  potentially  applicable  at  many  locations  on  the  Base 
where  groundwater  is  contaminated  with  halogenated  solvents.  Implementation  of 
the  technology  in  hot  spot  areas  is  likely  to  provide  the  most  benefit  to  the  ground- 
water  cleanup  program.  Moderate  to  high  permeability  areas  and  relatively  homoge¬ 
neous  conditions  in  the  saturated  zone  are  most  favorable  for  effective  treatment. 

Hot  spot  locations  in  OUs  C  and  D  are  potentially  most  stiitable  because  of  the  gen- 
eraUy  higher  subsiuface  permeabilities  in  those  areas.  OU  D  is  an  especially  likely 
location  because  contaminant  data  indicate  that  anaerobic  treatment  is  occurring 
naturally  aroimd  some  OU  D  wells. 

The  contaminants  in  OUs  A  and  B  are  also  amenable  to  anaerobic  biodegradation, 
but  those  sites  are  potentially  less  favorable  because  of  generally  lower  permeabilities. 


Approach 


Information  Needs  and  Sources 

Table  L2-1  lists  information  requirements  and  the  sources  for  implementation  of  in 
situ  anaerobic  biotreatment. 

Information  Gathering  and  Review 

Information  gathering  to  date  has  included  the  review  of  published  and  available 
unpublished  technology  information,  vendor  interviews,  consultation  with  subcontrac¬ 
ted  experts,  and  an  overview  of  McQellan  AFB  subsurface  characteristics  and 
groundwater  contaminant  data.  Expert  consultants  for  this  technology  are  Dr.  Lewis 
Semprini  of  the  Department  of  Civil  Engineering,  Oregon  State  University,  and 
Dr.  Perry  McCarty  of  the  Department  of  Civil  Engineering,  Stanford  University. 

Drs.  McCarty  and  Semprini  are  considered  to  be  leading  experts  on  in  situ  biological 
treatment  processes. 

The  first  step  for  implementation  of  this  technology  should  be  a  detailed  review  of 
the  existing  literature  on  anaerobic  biotreatment  of  CAHs,  paying  particular  attention 
to  field  data,  and  of  the  groundwater  contaminant  data  for  the  Base.  New  informa¬ 
tion  should  be  reviewed  as  it  becomes  available. 
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Table  L2-1 

In  Stu  Anaerobic  Biotreatment 
Infonnation  Needs  and  Sources 


InformatiMi  Needs 
for  Pilot  and  FUl-^caie  Tests 

Info  Source  | 

Bench 

PUot 

Fdll 

Contamimuit  Chancteriadan 

mm 

• 

Contaminant  l^pes 

• 

Concentradons 

• 

Treatment  Goals 

• 

Inhibitoiy/Toxicity  Factors 

B,L 

• 

Cmitaminant  Geometry 

S 

1  Subsuifice  Chatacterizadon 

• 

Environmental  Factors  ^H,  temp) 

S 

P.S 

• 

Water/soil  chemistry  panuoeters 

B,S 

P.S 

• 

Flow 

M 

M 

Stadc  Water  Levels  over  dnoe 

S,L 

S.L 

• 

Soil  Type 

S,L 

S,L 

• 

Soil  Heterogeneity 

S,L 

S.L 

• 

Sjfpdon/Retardadon 

M 

M 

M 

• 

Microorganisms  preamt 

S 

B,S 

• 

Electron  Acceptors 

S 

B,S 

System  Design:  Physical  Configuradon 

• 

Number  of  wells,  type 

- 

B,L,M 

P,L,M 

• 

Well  qMcing 

- 

B,L,M 

P,L,M 

• 

Residence  Time  (zone) 

L 

B,L,M 

P,L,M 

• 

Well  Diametm 

— 

B,L 

P.L 

• 

Screm  depth,  leogdi 

- 

L 

P.L 

• 

Paterrt  Requirements 

- 

V 

V 

Systmn  Design:  Treatment  Requirements 

PI 

• 

Nutrimt  Addidons 

• 

Inducer  Addidon 

• 

Microorganism  Addidon 

■ZSi 

• 

Permitting  Requirements 

■■ 

mBm 

1  System  Design:  Equipment  Requiiememts 

H 

PI 

■M 

• 

Equipment  Requirements 

• 

O  &  M  Requirmnmts 

L,V 

■301 

1  Performance  Capabilides 

• 

Monitoring  (Sampling  and  Analysis  Requiranents) 

L 

L 

L 

• 

Byproduct  formation 

S 

B,L,S 

P.L,S 

Notes: 

L  s  Literatuie/Experts  B  »  Bendi  Scale 

P  >■  Pilot  Scale  S  »  Sampling  Results 

V  »  Vendor  M  «  Modding/Other  Tecbnology  Evaluatioos 
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A  detailed  analysis  of  chemical  distribution  in  three  dimensions  is  needed  to  identify 
target  volumes  for  treatment.  After  the  existing  chemical  data  have  been  thoroughly 
reviewed  and  analyzed  and  potential  target  areas  have  been  roughly  identified,  it  is 
likely  that  some  additional  site  characterization  data  will  be  needed  to  fine-tune  the 
selection  of  target  zones,  evaluate  chemical  amendment  requirements,  and  collect 
samples  of  aquifer  material  for  bench-scale  testing.  Samples  for  analysis  and  testing 
could  be  collected  through  the  use  of  boreholes  or  cone  penetrometers.  Analytical 
parameters  should  include  organic  contaminants,  possible  anaerobic  transformation 
products  (ethenes,  ethane,  methane),  potential  electron  acceptors  (DO,  nitrate,  sul¬ 
fate,  ferric  iron),  and  water  quality  parameters  (Eh,  pH,  metals,  COD,  and/or  TOC). 

Implementation  Issues 

•  Potential  permitting/regulatory  approval  issues  associated  with  in  situ  anaerobic 
biotreatment  include: 

Reinjection  or  discharge  of  extracted  groundwater 

The  need  for  aboveground  treatment  of  extracted  groundwater  if  it  is  to 
be  reinjected  within  a  contained  plume 

Treatment  requirements  for  groundwater  and  offgas  if  aboveground 
treatment  of  extracted  groundwater  is  required 

Injection  of  organic  substrates  and  nutrients  into  groundwater 

Formation  of  transformation  products,  particularly  vinyl  chloride 

•  Potential  patent  issues  include  the  patent  held  by  DuPont  on  the  in  situ  anaer¬ 
obic  treatment  process  and  the  patent  held  by  DEG  Technologies,  Inc.,  on  the 
in  situ  recirculation  unit.  The  applicability  of  these  patents  is  currently  unclear 
and  would  need  to  be  resolved  by  patent  attorneys. 

•  Other  issues  that  could  affect  implementation  are  associated  with  newly  gener¬ 
ated  site  characterization  data  that  may  influence  technology  effectiveness  or 
cost  (and  therefore  feasibility)  at  target  areas,  including  permeability,  hetero¬ 
geneity,  contaminant  distribution,  and  anaerobic  biological  activity  iMormation. 

Bench-Scale  Testing 

Objectives 

Bench-scale  testing  would  consist  of  microcosm  studies  using  aquifer  material  collec¬ 
ted  from  target  zones.  The  microcosm  studies  will  help  determine: 

•  Whether  the  desired  anaerobes  are  present  in  the  subsurface 


RDD10012E23.WPS 


L2-10 


11/7/W 


•  Whether  they  can  be  stimulated  through  the  addition  of  an  appropriate 
growth  substrate 

•  Whether  they  can  degrade  the  target  contaminants  and,  if  so,  what 
transformation  products  are  formed 

•  The  concentration  range  over  which  effective  transformation  can  be 
achieved 

•  The  optimal  organic  substrate  (the  literature  suggests  that  benzoate, 
methanol,  and  formate  are  some  of  the  best  substrates  to  drive  anaero¬ 
bic  transformations) 

•  The  benefit  of  adding  an  electron  acceptor  such  as  sulfate 

•  Whether  high  concentrations  of  electron  donors  should  be  added  ini¬ 
tially,  or  lower  concentrations  pulse-fed 

Approach 

Different  types  of  microcosms  might  be  employed,  including  batch  reactors,  batch-fed 
soil  columns,  and  continuous-flow  soil  columns.  Anaerobic  bacteria  have  slow  growth 
rates  so  several  months  may  be  required  to  achieve  effective  transformation,  particu¬ 
larly  if  the  necessary  microbes  are  absent  or  present  in  low  numbers.  If  core  samples 
are  taken  from  an  active  anaerobic  zone,  the  anaerobic  population  should  begin  treat¬ 
ment  more  quickly.  Bench-scale  testing  is  likely  to  require  6  months  to  compare. 

If  indigenous  anaerobic  microorganisms  are  not  present  or  are  not  capable  of  trans¬ 
forming  the  contaminants  of  concern,  it  may  be  possible  to  introduce  anaerobes  to 
the  subsurfoce.  In  this  event,  microcosm  studies  could  be  used  to  determine  if  the 
introduced  strain  would  survive  and  flourish  under  field  conditions. 

Pilot-Scale  Testing 

ObjecHvas 

Pilot-scale  tests  would  be  necessary  to  develop  information  for  designing  and  operat¬ 
ing  a  full-scale  treatment  system.  Data  would  be  obtained  on  the  effectiveness  of 
treatment,  areal  extent  of  treatment,  and  optimal  methods  of  chemical  addition.  A 
probable  duration  for  pilot  testing  is  6  months  to  1  year. 

Pilot-scale  testing  objectives  include  the  evaluation  of: 

•  Proper  well  spacing  and  number  of  wells  required  for  full-scale  imple¬ 
mentation 
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•  '  Reqxiired  organic  substrate  and  nutrient  addition  rates,  and  optimal 

pattern  of  delivery 

•  Characteristics  of  extracted  groundwater 

•  Transformation  product  formation  and  disappearance  rates 

•  Contaminant  reduction  rates  and  estimated  treatment  duration 

•  Estimated  contaminant  mass  reductions  achievable  during  treatment 

•  Estimated  full-scale  capital  and  operating  costs 

•  Cost  benefits  associated  with  implementing  the  technology 


Approach 

Pilot-scale  testing  would  involve  the  installation  of  one  or  two  injection  wells  and  two 
to  four  extraction  wells,  and  operation  of  the  system  for  a  sufficiently  long  duration  to 
obtain  data  needed  to  develop  design  and  operating  parameters  for  full-scale  imple¬ 
mentation.  (For  the  purpose  of  this  Implementation  Plan,  the  use  of  vertical  injection 
and  extraction  wells  is  assumed  for  pilot  testing,  but  in  situ  recirculation  units  should 
also  be  considered.)  The  specific  objectives  and  approach  of  the  pUot  testing  pro¬ 
gram  would  be  refined  and  detailed  following  the  information  gathering  and  review 
and  bench-scale  testing  tasks.  The  general  approach  to  pilot  testing  is  outlined  below. 

1.  Confirm  appropriateness  of  target  location  selected  for  pilot  testing. 

2.  Conduct  modeling  to  support  pilot  system  design.  This  work  would 
include  hydrodynamic  modeling,  advective  transport  modeling,  and  pos¬ 
sibly,  modeling  of  mass  transfer  and  biological  processes. 

3.  Prepare  system  installation  and  operation  work  plan. 

4.  Install  injection,  extraction,  and  groundwater  monitoring  wells.  Set  up 
aboveground  nutrient  deliveiy  system. 

5.  Operate  the  system  at  different  rates  and  patterns  of  substrate/nutrient 
delivery,  holding  each  amendment  condition  constant  for  sufficient  time 
to  evaluate  treatment  performance  (determined  by  groundwater 
sampling  and  analysis). 

6.  Anafyze  data  to  evaluate  the  performance  under  different  testing  condi¬ 
tions  and  evaluate  potential  benefits  of  in  situ  anaerobic  biotreatment  to 
the  overall  Base  groundwater  remediation  program. 

7.  Decide  whether  to  proceed  with  implementation  at  full  scale. 
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Full-Scale  Implementation 


Pilot-scale  results  are  necessary  to  develop  a  full-scale  system  design.  However,  an 
example  conceptual  design  is  outlined  below  to  illustrate  the  major  elements  of  a  full- 
scale  system  and  to  provide  a  basis  for  a  rough  order-of-magnitude  cost  estimate. 
Rather  than  developing  a  conceptual  design  for  a  particular  location,  a  modular 
approach  was  used  to  develop  an  estimated  range  of  costs  per  unit  acre  for  full-scale 
implementation. 

The  example  conceptual  design  is  based  on  the  following  key  assumptions; 

•  Each  module  consists  of  nine  injection  and  nine  extraction  wells,  a 
piping  system  from  the  extraction  weUs  to  a  groundwater  treatment  unit, 
a  substrate  feed  system,  and  piping  from  the  substrate  feed  system  to 
the  injection  well  (Figure  L2-2). 

•  The  spacing  of  wells  varies  from  30  to  60  feet  based  on  initial  modeling 
estimates. 

•  Approximate  coverage  by  one  module  ranges  from  8,100  ft^ 

(5.4  modules/acre)  to  32,400  ft^  (1.3  modules/acre),  depending  on  well 
spacing. 

•  Groundwater  extraction  and  injection  rate  is  3  gpm  per  well. 

•  There  will  be  one  groundwater  monitoring  well  per  every  10  extraction/ 
injection  weUs. 

•  Electron  donor  is  sodium  benzoate  applied  at  a  rate  of  10  grams  per 
gram  of  contaminants.  Sulfate  addition  would  be  added  at  the  same 
mass  ratio.  Nutrient  addition  in  the  form  of  diammonium  phosphate 
would  occur  at  a  ratio  of  1  gram  per  gram  of  contaminants. 

•  The  extracted  groundwater  is  treated  to  MCLs  at  a  single  treatment 
system  at  the  target  location.  This  system  consists  of  air  stripping  with 
vapor-phase  GAC  adsorption.  Most  (^90  percent)  of  the  treated 
groundwater  is  chemicalfy  amended  and  reinjected,  and  a  small  blow¬ 
down  stream  ( ^  10  percent)  is  discharged  to  maintain  a  net  ground- 
water  withdrawal  (for  containment). 
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A  single  chenucal  feed  system -including  chemical  storage,  mixing,  and 
feed  tanks,  mixers,  pumps,  and  controls— services  the  entire  in  situ  treat¬ 
ment  system  (Figure  L2-3). 


Technology  Limitations  and  Uncertainties 

The  critical  limitations  and  uncertainties  of  technology  implementation  are  listed 
below. 

•  The  suitability  of  hot  spot  areas  at  the  Base  for  application  of  in  situ 
anaerobic  biotreatment  will  depend  on  subsurface  characteristics  such  as 
soil  permeabilities,  heterogeneities,  and  contaminant  distribution. 

•  It  is  unknown  whether  aboveground  treatment  of  extracted  groimdwater 
will  be  required  prior  to  reinjection.  If  so,  it  wiU  significantly  increase 
cost  and  permitting  requirements. 

•  Other  potential  permitting  issues  are  associated  with  reinjection  of 
groimdwater  and  injection  of  chemical  amendments.  Patent  issues  that 
must  be  resolved  are  associated  with  the  use  of  the  in  situ  anaerobic 
biotreatment  process  and  the  use  of  in  situ  recirculation  units. 

•  Achievable  contaminant  treatment  rates  are  unknown  and  must  be 
determined  through  testing. 

•  The  formation  of  toxic  transformation  products  such  as  vinyl  chloride 
could  affect  the  risk  associated  with  Base  groundwater. 

•  The  presence  of  natural  anaerobic  biological  activity  is  only  indicated  at 
a  few  Base  locations,  based  on  existing  groimdwater  contaminant  data. 
The  necessary  microorganisms  may  or  may  not  be  present  at  potential 
target  areas  for  implementation  of  the  technology.  The  success  of  bio¬ 
augmentation  is  uncertain. 


Schedule 

A  possible  implementation  schedule  is  provided  in  Figure  L2-4. 
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Implementation  Time  (years) 


Cost 


This  section  presents  an  estimated  range  for  order-of  magnitude  implementation  costs 
based  on  the  conceptual  design.  Implementation  costs  include  costs  associated  with 
ongoing  literature  review,  further  site  characterization,  bench-scale  testing,  pilot-scale 
testing,  and  full-scale  capital  and  annual  operations  and  maintenance.  The  scope  of 
each  of  these  cost-related  activities  is  summarized  below: 

•  Literature  Review.  Technology  researchers  (i.e.,  universities,  industry, 
consultants)  are  likely  to  fimher  develop  the  technology  such  that 
enhancements  (optimization)  and  limitations  will  be  better  understood. 
The  decision  to  proceed  with  further  implementation  of  in  situ  anaero¬ 
bic  biotreatment  requires  ongoing  assessment  and  review  of  these 
research  results.  While  this  activity  is  not  a  significant  cost  factor  of 
implementation,  it  is  an  important  implementation  activity. 

•  Further  Site  Characterization.  This  activity  is  necessary  to  confirm  the 
location  of  a  proposed  implementation  site  and  to  provide  the  necessary 
soil  cores  for  bench-scale  microcosm  studies.  Associated  costs  are  rela¬ 
ted  to  fieldwork  (streamlined  SAP,  QAPP,  sampling  labor  and  expenses, 
analytical  expenses,  report,  etc.)  designed  to  identify  site  subsurface 
characteristics  and  coUect  and  analyze  samples  for  bench-scale  testing. 

•  Bench-Scale  Testing.  This  activity  includes  scope  and  workplan  devel¬ 
opment,  contract  procurement,  and  the  cost  of  conducting  and  oversee¬ 
ing  soil  microcosm  studies. 

•  Pilot-Scale  Testing.  This  activity  includes  costs  associated  with  scope 
and  workplan  development,  contract  procurement,  equipment  procure¬ 
ment,  system  installation,  system  operation,  demobilization,  sampling 
and  analysis  (system  monitoring),  evaluation  of  system  performance,  and 
reporting. 

•  Full-Scale  Capital.  Capital  costs  are  direct  and  indirect  costs  required 
to  initiate  and  install  the  technology  system  components,  including  (but 
not  limited  to)  engineering  design,  mobilization  and  demobilization  of 
equipment  and  people,  site  construction  activities  (i.e.,  weU  installation), 
contractor  boncUng  and  insurance,  equipment  procurement  and  installa¬ 
tion,  licensing  and  permitting,  health  and  safety,  and  supervision  during 
construction. 

•  Full-Scale  Operation  and  Maintenance.  Operation  and  maintenance 
(O&M)  costs  represent  those  costs  which  would  be  incurred  diuing  each 
year  of  operation  from  initial  startup  to  final  shutdown  of  the  full-scale 
system.  O&M  costs  include  operations  and  maintenance  labor, 
sampling  and  analysis,  power,  and  (optionally)  groundwater  treatment 
prior  to  reinjection.  Since  annual  O&M  costs  occur  over  a  period  of 
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years,  future  costs  have  been  discounted  to  the  present  year’s  equivalent 
value  (i.e.,  the  present  value  cost)  using  S  percent  interest,  so  that 
annual  costs  remain  comparable.  Actual  annual  costs  are  likely  to  be 
much  higher  during  the  first  year(s)  of  operation  as  the  system  is  com¬ 
missioned  and  optimized  for  operation,  and  due  to  higher  chemical 
usage  rates  and  associated  labor  required  for  treating  higher  initial 
concentrations.  Therefore,  the  annual  costs  are  intended  to  represent 
the  anticipated  average  yearly  cost  of  operation  over  the  life  of  the 
system. 

A  contingency  of  30  percent  has  been  applied  to  the  full-scale  implementation  cost  to 
account  for  possible  project  cost  increases  due  to  scope  and  bid  variations  that  typi¬ 
cally  occur  with  hazardous  waste  remediation  projects.  These  increases  are  typically 
caused  by  the  changes  which  normally  occur  as  part  of  final  design  and  implementa¬ 
tion,  based  on  observation  of  actual  field  conditions/contamination,  and  factors  which 
affect  the  cost  of  subcontracted  services,  such  as  labor  and  material  shortages.  Not 
included  in  the  estimates  are  any  agency  or  Air  Force  administrative  costs,  nor  any 
costs  associated  with  modifications  of  the  existing  groundwater  treatment  system(s). 

Typically,  order-of-magnitude  cost  estimates  for  general  construction  projects  are 
intended  to  reflect  an  accuracy  of  within  50  percent  greater  to  30  percent  less  than 
actual  costs.  The  estimates  summarized  below  are  expected  to  be  within  these 
ranges;  however,  there  is  greater  uncertainty  of  accuracy  as  a  result  of  the  lesser 
degree  of  development  associated  with  this  innovative  technology  compared  to  gen¬ 
eral  construction  technologies.  Current  pricing  data  based  on  quoted  equipment 
costs,  construction  cost  data  (e.g..  Means,  1993),  previous  local  project  experience, 
and  engineering  judgment  have  been  used  to  generate  the  estimates,  using  adjust¬ 
ments  for  local  McQellan  AFB  costs  when  available.  Final  project  costs  will  depend 
on  actual  labor  and  material  costs,  actual  site  conditions  at  the  time  of  implementa¬ 
tion,  productivity,  competitive  market  conditions,  fiinal  project  scope  and  schedule, 
contractors  selected  to  perform  activities,  and  many  other  variables.  As  a  resiilt,  the 
final  project  costs  will  (Mer  from  the  exact  value  of  any  estimates  presented  here,  but 
should  still  remain  within  the  estimated  range. 

The  following  order-of-magnitude  implementation  costs  are  estimated  for  in  situ 
anaerobic  biotreatment: 

•  Literature  review  will  require  approximately  $14,000  over  a  period  of 
two  years. 

•  It  is  estimated  that  further  site  characterization  could  be  completed  for 
approximately  $50,000. 

•  It  is  estimated  that  bench-scale  testing  could  be  completed  for  approxi¬ 
mately  $68,000. 

•  Pilot-scale  testing  is  estimated  to  cost  approximately  $345,000. 
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Full-scale  implementation  costs  on  a  per  acre  basis  are  summarized  in  Table  L2-2. 
The  estimated  costs  for  construction  and  operation  of  a  full-scale  system  range  from 
approximately  $1.2  M/acre  (for  60  feet  well  spacing,  2  years  operation,  and  no 
groimdwater  treatment  prior  to  reinjection)  to  $7,5  M/acre  (for  30  feet  well  spacing, 
5  years  operation,  and  groundwater  treatment  prior  to  reinjection).  The  added  cost 
of  groundwater  treatment  prior  to  reinjection  is  estimated  to  be  approximately 
$ 100,000/acre.  Key  assumptions  associated  with  the  implementation  cost  estimate,  in 
addition  to  those  previously  described,  include: 


Table  L2-2 

In  Situ  Anaerobic  Biotreatment 
Order-of-Magnitude  Implementation  Cost  Sumnary 


Activity 

Range  of  Costs  ($/acre) 

Low* 

Low  - 

Intermediate 

Intermediate 

-High/ 

High* 

FuU-Scule  C^iital 

Full-Scale  O&M 
(Preaeot  Worth  for  All 

Years) 

300,000 

Full-Scale  Inqilementation 

Cost 

wm 

Notes: 

'Baaed  on  60  feet  well  spacing,  2  years  of  operation,  and  no  groundwater  treatment  prior  to  reinjection. 

^Based  on  60  feet  well  spacing,  2  years  of  opnation,  and  groundwater  treatment  prior  to  reinjection. 

’Baaed  on  30  feet  well  spacing,  2  years  of  operation,  and  groundwater  treatment  prior  to  reinjection. 

*Baaed  on  30  feet  weU  spacing,  S  years  of  operation,  and  groundwater  treatment  prior  to  reinjection. 

Other  significant  assuirqitions  include:  100  percent  system  on-time;  anniMl  sampling  and  analysis  costs, 
and  performance  evaluations  included  in  operatioiutl  cost;  30  percent  contingency  fKtor  aj^lied. 


Full-scale  costs  are  r^rted  on  a  per-acre  basis.  Costs  were  estimated  for 
a  frve-module  (45  extraction  well)  systrai  and  converted  to  per-acre  costs. 

Nine  man-days/well  plus  drilling  costs  are  needed  to  install  wells.  This 
includes  drilling,  well  compl^on  and  develtqnnent,  and  surface  plumbing. 

Groundwater  treatment  unit  qieratioiial  costs  are  $200/lb  VOCs,  and 
s^roximately  600  lb  of  contaminants  will  require  aboveground  removal 
per  year. 

Average  groundwater  concentration  is  5  mg/1  total  chlorinated  VOCs. 

System  momtoiing  includes  240  man-days/year  for  systmn  operation  and 
maintenance,  and  the  collection  of  nine  samples  per  module. 


L 
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The  substrate  feed  system  is  constructed  inside  a  corrugated  metal  roof- 
covered  building. 
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Appendix  L3 


TECHNICAL  MEMORANDUM  U 


a&MHILL 


PREPARED  FOR:  McClellan  Air  Force  Base 

DATE;  March  24,  1994 

SUBJECT:  In  Situ  Cometabolic  Biotreatment  Implementation  Plan 

Groundwater  OU  RI/FS  Report 
Delivery  Order  No.  5066 

PROJECT;  SAC28722.66.NT 


Technology  Overview 

Description 

In  situ  (aerobic)  cometabolic  biotreatment  is  an  emerging  technology  for  remediating 
groundwater  contaminated  with  chlorinated  aliphatic  hydrocarbons  (CAHs).  In  situ 
cometabolic  biotreatment  refers  to  the  process  of  adding  a  primary  organic  substrate 
to  groimdwater  to  induce  production  of  nonspecific  enzymes  by  a  certain  group  of 
microorganisms  under  aerobic  conditions.  These  enzymes  fortuitously  degrade  CAHs, 
which  are  otherwise  resistant  to  aerobic  biodegradation.  For  purposes  of  this  report, 
the  term  cometabolic  biotreatment  is  used  to  describe  only  aerobic  cometabolism,  so 
oxygen  is  added  along  with  the  primary  organic  substrate.  The  most  promising  sub¬ 
strates  are  methane,  phenol,  and  toluene.  Inorganic  nutrients  (primarily  nitrogen  and 
phosphorus)  may  also  be  added  to  the  groundwater  if  needed. 

CAHs  are  the  principal  organic  contaminants  in  groundwater  at  McQellan  AFB.  The 
CAHs  of  interest  at  the  Base  include;  trichloroethene  (TCE),  tetrachloroethene 
(PCE),  carbon  tetrachloride  (CT),  1,1,1-trichloroethane  (1,1,1-TCA),  cis-  and  trans- 
1,2-dichloroethene  (1,2-DCE),  vinyl  chloride  (VC),  1,1-dichloroethene  (1,1-DCE), 

1.1- dichloroethane  (1,1-DCA),  chloroform  (CF),  and  methylene  chloride  (MC).  TCE, 

1.2- DCE,  and  VC  can  be  effectively  treated  by  aerobic  cometabolism;  1,1-DCE, 
1,1,1-TCA  and  1,1-DCA  are  not  effectively  treated  by  this  method;  and  PCE  and  CT 
are  recalcitrant.  In  this  process,  TCE  and  other  chlorinated  organics  can  be  com¬ 
pletely  oxidized  to  carbon  dioxide,  water,  and  inorganic  salts. 

Implementation  Methods 

There  are  foiu*  basic  configurations  for  implementing  in  situ  cometabolic  biotreat¬ 
ment: 
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•  In  situ  recirculation  wells 

•  Vertical  injection  and  extraction  wells 

•  Horizontal  injection  and  extraction  wells 

•  Reactive  walls 

These  four  alternatives  are  depicted  schematically  in  Figure  L3-1,  and  are  described 
below.  Additional  configurations  are  possible,  including  combinations  of  the  systems 
described. 

An  in  situ  recirculation  well  consists  of  a  vertical  well  that  has  two  separate  screened 
intervals  in  the  saturated  zone  and  a  seal  in  the  well  above  the  upper  screen.  A  sub¬ 
mersible  pump  is  positioned  between  the  screens  to  force  water  out  the  bottom 
screen  while  drawing  water  in  through  the  top  screen  (or  vice  versa).  Pumping 
groundwater  in  this  fashion  results  in  flow  paths  like  those  depicted  in  Figure  L3-1. 
Chemical  amendments  are  added  to  the  groundwater  within  the  well. 

A  combination  of  vertical  injection  and  extraction  wells  is  the  traditional  system  used 
for  in-situ  groundwater  bioremediation.  Substrate  and  nutrients  are  injected  and 
pumped  through  the  contaminated  groundwater  zone  between  injection  and  extrac¬ 
tion  wells  to  create  a  biologically  active  zone  where  treatment  occurs.  Horizontal 
injection  and  extraction  wells  function  similarly  to  vertical  wells  except  that  the  wells 
are  oriented  horizontally  in  the  contaminated  zone  and,  therefore,  can  influence  a 
larger  lateral  area. 

Reactive  walls  are  either  trenches  or  a  linear  array  of  wells  designed  to  create  a  cur¬ 
tain  through  which  groimdwater  passes  under  ambient  gradients  and  in  which  the 
desired  biological  reactions  occur. 

The  four  basic  implementation  alternatives  have  different  applicabilities  and  advan¬ 
tages  and  disadvantages  with  respect  to  site  and  contaminant  distribution  conditions. 
Because  of  the  great  depth  to  groundwater  at  McClellan  AFB,  vertical  wells  and  in 
situ  recirculation  units  are  probably  the  two  most  feasible  implementation  alternatives 
for  in  situ  cometabolic  biotreatment  at  the  Base. 

Development  Status 

The  capability  of  cometabolic  biotreatment  to  degrade  CAHs  in  aquifer  material  has 
been  well  established  in  bench-scale  studies.  Considerable  laboratory  work  on  this 
technology  has  been  conducted  by  university  researchers  and  vendors  over  the  past 
several  years. 

Stanford  University  researchers  have  conducted  a  multi-year,  small-scale,  field  pilot 
study  of  in  situ  cometabolic  biodegradation  of  CAHs  in  a  shallow  water  table  aquifer 
at  Moffett  Naval  Air  Station.  These  studies  have  yielded  very  favorable  results,  but 
they  were  conducted  using  simple  combinations  of  (approximately  four)  contaminants 
at  a  time. 
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VERTICAL  INJECnC?l/EXTRACTION  WELLS 
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The  technology  has  been  developed  to  the  point  where  it  is  ready  to  be  implemented 
in  an  appropriate  full-scale  application,  but  has  not  yet  been  applied  for  full-scale 
groundwater  remediation  to-date. 


Potential  Benefits 

This  section  describes  the  performance,  advantages  and  disadvantages,  and  cost  bene¬ 
fits  associated  with  in  situ  cometabolic  biotreatment.  This  information  is  intended  to 
provide  a  basis  for  evaluating  the  potential  benefits  of  implementing  the  technology  as 
part  of  the  overall  McClellan  AFB  groundwater  cleanup  program. 

General  Performance 

Effectiveness 

•  Field  pilot  testing  has  demonstrated  that  removal  efficiencies  on  the  order  of 
90  percent  can  be  achieved  for  TCE,  1,2-DCE,  and  VC  for  initial  concentra¬ 
tions  up  to  1,000  /tg/1. 

•  CAHs  that  are  amenable  to  cometabolic  treatment  can  be  completely 
mineralized  to  CO^  water,  and  chloride. 

Robustness 

•  TCE,  1,2-DCE,  VC,  and  possibly  other  prevalent  CAHs  are  treatable  by 
cometabolic  biotreatment. 

•  Cometabolic  biotreatment  is  not  effective  for  CT,  PCE,  1,1-DCE,  1,1-DCA, 
1,1,1-TCA,  or  Freons. 

•  The  technology  is  sensitive  to  toxic  and  inhibitory  effects. 

•  High  TCE  concentrations  (up  to  10  mg/1)  are  not  expected  to  be  inhibitory. 

•  BTEX  compounds,  acetones,  and  other  relatively  minor  nonhalogenated  con¬ 
taminants  in  Base  groundwater  are  readily  biodegradable  under  aerobic  condi¬ 
tions. 

•  As  with  all  in  situ  technologies,  control  over  subsurface  conditions  is  critical  to 
treatment  performance,  as  heterogeneities  and  mass  transfer  requirements 
limit  effectiveness. 
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PotentkU  Risk  Reduction 


In  situ  cometabolic  biotreatment  has  the  potential  to  reduce  risk  by  biodegrading 
groundwater  contaminants  and  thereby  reducing  the  contaminant  mass  in  the  subsur¬ 
face.  By  accelerating  contaminant  removal,  the  time  to  achieve  remedial  goals  may 
be  shortened.  Injection  of  chemicals  into  groundwater  and  formation  of  intermediate 
transformation  products  could  constitute  new,  albeit  temporary,  sources  of  risk,  but 
adequate  hydrologic  control  would  be  maintained  to  mitigate  these  risks  during  sys¬ 
tem  operation. 

Advantages  Compared  to  Other  Technologies 

•  Destruction  of  contaminants  occurs  in-place.  Because  treatment  occurs  in  situ, 
contaminant  desorption  is  accelerated. 

•  May  treat  high  concentrations  of  amenable  CAHs  (tens  of  mg/1). 

•  Aerobic  conditions  are  maintained,  promoting  better  water  quality  (compared 
to  naturally  occurring  or  induced  anaerobic  conditions). 

•  The  fast  growth  rates  typical  of  aerobic  microorganisms  may  allow  rapid  devel¬ 
opment  of  a  contaminant-degrading  culture. 

•  This  technology  is  effective  at  degrading  some  anaerobic  transformation 
products  of  PCE  and  TCE.  The  transformation  products,  which  the 
cometabolic  process  would  be  effective  on,  are:  cis-l,2-DCE,  trans-l,2-DCE, 
and  vinyl  chloride. 

•  At  least  simple  contaminant  mixtures  are  treatable  using  this  technology. 

•  Complete  degradation  of  TCE  to  nontoxic  end  products  is  possible. 

•  No  significant  transformation  products  are  formed  during  treatment  of  CAHs 
that  have  higher  associated  risks  than  the  parent  compounds  (e.g.,  VC). 

•  If  groundwater  extracted  in  conjunction  with  implementation  of  in  situ  cometa¬ 
bolic  biotreatment  could  be  reinjected  without  aboveground  treatment  (e.g., 
during  implementation  using  vertical  injection  and  extraction  wells),  the  cost  of 
this  technology  would  be  significantly  reduced  relative  to  other  technologies 
requiring  abovegroimd  treatment.  EPA  has  prepared  a  position  statement 
alloMong  for  reinjection  of  contaminated  water  when  appropriate  for  such  a 
treatment  scheme. 
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Disadvantages  Compared  to  Other  Technologies 

•  Does  not  effectively  degrade  PCE,  CT,  1,1-DCE,  1,1-DCA,  1,1,1-TCA,  or 
Freons. 

•  Competitive  inhibition  occurs  between  the  added  organic  substrate  and  some 
target  CAHs. 

•  Because  microorganisms  are  fast  growing,  it  may  be  difficult  to  achieve  distrib¬ 
uted  growth  in  subsurface.  Biofouling  is  also  a  potential  problem. 

•  This  technology  requires  oxygenation  of  groundwater,  which  is  expensive  and 
can  be  difficult  to  achieve  over  extended  volumes. 

•  Groundwater  oxygenation  can  cause  iron  precipitation  and  plugging. 

•  If  adequate  populations  of  bacteria  capable  of  producing  CAH-degrading 
enzymes  are  not  present,  bioaugmentation  may  be  necessary,  but  added 
microbes  may  not  thrive  in  the  subsurface  environment.  However,  these 
microorganisms  have  been  found  to  be  fairly  widespread  in  the  environment. 

•  If  required,  aboveground  water  treatment  will  significantly  increase  the  cost  of 
the  technology  and  will  have  permitting  requirements. 

•  Reinjection  of  groundwater  (with  or  without  treatment)  and  injection  of  chemi¬ 
cal  amendments  will  require  regulatory  approval. 

Relative  Cost  Benefit 

The  cost  benefits  of  in  situ  cometabolic  biotreatment  would  result  fi’om  increased 
rates  of  contaminant  removal  that  could  shorten  the  pump-and-treat  remediation 
time.  Cost  benefits  should  be  evaluated  through  an  analysis  of  savings  associated  with 
the  reduced  operation  time  of  pump-and-treat  after  accounting  for  the  capital  and 
operating  costs  of  the  in  situ  anaerobic  biotreatment  systeri  . 


Potential  Locations 

Cometabolic  biotreatment  is  potentially  applicable  at  locations  on  the  Base  where 
TCE,  1,2-DCE,  and/or  VC  are  the  predominant  groundwater  contaminants.  Imple¬ 
mentation  of  the  technology  in  hot  spot  areas  is  likely  to  provide  the  greatest  benefit 
to  the  overall  groimdwater  cleanup  program.  Moderate  to  high  permeabilities  and 
relatively  homogeneous  conditions  in  the  saturated  zone  are  most  favorable  for  effec¬ 
tive  treatment. 
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Hot  spot  locations  in  OU  C  are  potentially  most  suitable  because  of  the  relatively 
high  permeabilities  found  in  that  area  and  because  TCE  is  the  predominant  CAH 
present. 


Approach 


Information  Needs  and  Sources 

Table  L3-1  lists  information  requirements  and  sources  for  implementation  of  in  situ 
cometabolic  biotreatment. 

Information  Gathering  and  Review 

Information  gathering  to  date  has  included  the  review  of  published  and  available 
unpublished  technology  information,  vendor  interviews,  consultation  with  subcontrac¬ 
ted  experts,  and  an  overview  of  McClellan  AFB  subsurface  characteristics  and 
groundwater  contaminant  data.  Expert  consultants  for  this  technology  are  Dr.  Lewis 
Semprini  of  the  Department  of  Civil  Engineering,  Oregon  State  University,  and 
Dr.  Perry  McCarty  of  the  Department  of  Civil  Engineering,  Stanford  University. 

Drs.  McCarty  and  Semprini  are  considered  to  be  leading  experts  on  in  situ  biological 
treatment  processes 

The  first  step  for  implementation  of  this  technology  should  be  a  detailed  review  of 
the  existing  literature  on  cometabolic  biotreatment  of  CAHs,  paying  particular  atten¬ 
tion  to  field  data,  and  of  the  groundwater  contaminant  data  for  the  Base.  New  infor^ 
mation  should  be  reviewed  as  it  becomes  available. 

A  detailed  analysis  of  chemical  distribution  in  three  dimensions  is  needed  to  identify 
target  volumes  for  treatment.  After  the  existing  chemical  data  have  been  thoroughly 
reviewed  and  analyzed  and  potential  target  areas  have  been  roughly  identified,  it  is 
likely  that  some  additional  site  characterization  data  will  be  needed  to  fine-tune  the 
selection  of  target  zones,  evaluate  chemical  amendment  requirements,  and  collect 
samples  of  aquifer  material  for  bench-scale  testing.  Samples  for  analysis  and  testing 
could  be  collected  through  the  use  of  boreholes  or  cone  penetrometers.  Anal5rtical 
parameters  should  include  organic  contaminants,  major  anions  and  cations,  metals 
(iron).  Eh,  pH,  DO,  sulfide,  methane,  ethane,  and  COD,  or  TOC. 

Implementation  Issues 

•  Potential  permitting/regulatory  approval  issues  associated  with  in  situ 
cometabolic  biotreatment  include: 

Reinjection  or  discharge  of  extracted  groundwater 
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Table  L3-1 

In  Situ  Cometabolic  Biotreatment 
Information  Needs  and  Sources 


Information  Need 

Contaminant  Characterization 

• 

Contaminant  'lYpes 

• 

Concentrations 

• 

Treatment  Goals 

• 

Inhibitofy/ToxiciQr  Factors 

• 

Contaminant  Geometry 

1  Subsurfture  Characterization 

• 

Environmental  Factors  (pH,  temp) 

• 

Water/soil  chemistry  parameters 

• 

Flow 

• 

Water  Levels  over  time 

• 

Soil  type 

• 

Soil  heterogeneity 

• 

Sorption/Retardation 

# 

Microorganisms  present 

• 

Electron  Accqrtors 

System  Design:  Physical  Configuration 

• 

Number  of  wells,  type 

• 

Weil  spacing 

• 

Residence  Tune  (zone) 

• 

Well  Diameter 

• 

Screen  depth,  length 

1  System  Design:  TreatniCTt  Requirements 

• 

Nutrient  Additions 

• 

Metabolite  Addition 

• 

Microorganism  Addition 

• 

Oxygoi  Additions 

• 

Permitting  Requirements 

System  Design:  Equipment  Requirements 

• 

Equipment  Requiremoits 

• 

O&M  Requiremoits 

1  Performance  Capabilities 

• 

Monitoring  (Sanqiling  and  Analysis  Requirements) 

• 

By-product  formation 

Bench 


Notes: 

L  =  Literature/Expeits 
B  =  Bmch  Scale 
P  =  Pilot  Scale 
S  =:  Sampling  Results 
V  =  Vendor 

M  =  Modeling/Other  Technology  Evaluations 


Test  Scale 


PUot 


B,L,M 

B,L.M 

B.L.M 

B,L 
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The  need  for  aboveground  treatment  of  extracted  groundwater  if  it  is  to 
be  reinjected  within  a  contained  plume 

Treatment  requirements  for  groundwater  and  offgas  if  aboveground 
treatment  of  extracted  groundwater  is  required 

Injection  of  organic  substrates  and  nutrients  into  groundwater 

Formation  of  transformation  products 

•  A  potential  patent  issue  pertains  to  the  patent  held  by  lEG  Technologies,  Inc., 
on  the  in  situ  recirculation  unit.  The  applicability  of  this  patent  is  currently 
unclear  and  would  need  to  be  resolved  by  patent  attorneys. 

•  Other  issues  that  could  affect  implementation  are  associated  with  newly  gener¬ 
ated  site  characterization  data  that  may  influence  technology  effectiveness  or 
cost  (and  therefore  feeisibility)  at  target  areas,  including  permeability,  hetero¬ 
geneity,  contaminant  distribution,  and  cometabolic  biological  activity  informa¬ 
tion. 

Bench-Scale  Testing 
Objectives 

Bench-scale  testing  would  consist  of  microcosm  studies  using  aquifer  material  collec¬ 
ted  from  target  zones.  The  microcosm  studies  will  help  determine: 

•  What  growth  substrate  is  most  effective  (phenol,  toluene,  or  methane) 

•  Whether  the  necessary  microbial  cultures  are  present  in  the  subsurface 
and  can  be  stimulated  to  degrade  the  target  contaminants 

•  Whether  they  can  degrade  the  target  contaminants  and  how  efficiently 

•  The  concentration  range  over  which  effective  transformation  can  be 
achieved 

•  The  best  method  and  rate  for  the  addition  of  organic  growth  substrate 

Approach 

Different  types  of  microcosms  might  be  employed,  including  batch  reactors,  batch-fed 
soil  columns,  and  continuous-flow  soU  columns.  Bench-scale  tests  may  take  up  to 
6  months  to  complete. 
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If  indigenous  microorganisms  are  not  present  or  they  are  not  capable  of  mineralizing 
the  contaminants  of  concern,  it  may  be  possible  to  introduce  microbes  to  the  subsur¬ 
face.  In  this  event,  microcosm  studies  could  be  used  to  determine  if  the  introduced 
strain  would  survive  and  flourish  under  field  conditions. 

Pilot-Scale  Testing 

Objectives 

Pilot-scale  tests  would  be  necessary  to  develop  information  for  designing  and  operat¬ 
ing  a  full-scale  treatment  system.  Data  would  be  obtained  on  the  effectiveness  of 
treatment,  areal  extent  of  treatment,  and  optimal  methods  of  chemical  addition.  A 
probable  duration  for  pilot  testing  is  6  months  to  1  year. 

Pilot-scale  testing  objectives  include  the  evaluation  of: 

•  Proper  well  spacing  and  number  of  wells  required  for  full-scale  imple¬ 
mentation 

•  Required  organic  substrate  and  nutrient  addition  rates,  and  optimal 
pattern  of  delivery 

•  Characteristics  of  extracted  groundwater 

•  Transformation  product  formation,  if  any  of  significance,  and  disappear¬ 
ance  rates 

•  Contaminant  reduction  rates  and  estimated  treatment  duration 

•  Estimated  contaminant  mass  reductions  achievable  during  treatment 

•  Estimated  full-scale  capital  and  operating  costs 

•  Cost  benefits  associated  with  implementing  the  technology 


Approach 

Pilot-scale  testing  would  involve  the  installation  of  one  or  two  injection  wells  and  two 
to  four  extraction  wells,  and  operation  of  the  system  for  a  sufficiently  long  duration  to 
obtain  data  needed  to  develop  design  and  operating  parameters  for  full-scale  imple¬ 
mentation.  (For  the  purpose  of  this  Implementation  Plan,  the  use  of  vertical  injection 
and  extraction  wells  is  assumed  for  pilot  testing,  but  in  situ  recirculation  units  should 
also  be  considered.)  The  specific  objectives  and  approach  of  the  pilot  testing  pro¬ 
gram  would  be  refined  and  detailed  following  the  iriformation  gathering  and  review 
and  bench-scale  testi*  -  tasks.  The  general  approach  to  pilot  testing  is  outlined  below. 
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1.  Confirm  appropriateness  of  target  location  selected  for  pilot  testing. 

2.  Conduct  modeling  to  support  pilot  system  design.  This  work  would 
include  hydrodynamic  modeling,  advective  transport  modeling,  and  pos¬ 
sibly,  modeling  of  mass  transfer  and  biological  processes. 

3.  Prepare  system  installation  and  operation  work  plan. 

4.  Install  injection,  extraction,  and  groundwater  monitoring  wells,  and  set 
up  aboveground  chemical  delivery  system. 

5.  Operate  the  system  at  different  rates  and  patterns  of  substrate/nutrient 
delivery,  holding  each  amendment  condition  constant  for  sufficient  time 
to  evaluate  treatment  performance  (determined  by  groundwater  sam¬ 
pling  and  analysis). 

6.  Analyze  data  to  evaluate  the  performance  xmder  different  testing  condi¬ 
tions  and  evaluate  potential  benefits  of  in  situ  cometabolic  biotreatment 
to  the  overall  Base  groundwater  remediation  program. 

7.  Decide  whether  to  proceed  with  implementation  at  full  scale. 

Full-Scale  Implementation 

Pilot-scale  results  are  necessary  to  develop  a  full-scale  system  design.  However,  an 
example  conceptual  design  is  outlined  below  to  illustrate  the  major  elements  of  a  full- 
scale  system  and  to  provide  a  basis  for  a  rough  order-of-magnitude  cost  estimate. 
Rather  than  developing  a  conceptual  design  for  a  particular  location,  a  modular  ap¬ 
proach  was  used  to  develop  an  estimated  range  of  costs  per  unit  acre  for  full-scale 
implementation. 

The  example  conceptual  design  is  b/tsed  on  the  following  key  assumptions: 

•  Each  module  consists  of  nine  injection  and  nine  extraction  wells,  a 
piping  system  from  the  extraction  wells  to  a  groundwater  treatment  unit, 
a  substrate  feed  system,  and  piping  from  the  substrate  feed  system  to 
the  injection  well  (Figure  L3-2). 

•  The  spacing  of  wells  varies  from  30  to  60  feet  based  on  initial  modeling 
estimates. 

•  Approximate  coverage  by  one  module  ranges  fi^om  8,100  ft^ 

(5.4  modules/acre)  to  32,400  (1.3  modules/acre),  depending  on  well 

spacing. 

•  Groundwater  extraction  and  injection  rate  is  3  gpm  per  weD. 

•  There  will  be  one  groundwater  monitoring  well  per  every  10  extraction/ 
injection  wells. 
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•  The  organic  growth  substrate  is  toluene,  added  at  a  ratio  of  25  grams 
per  gram  of  TCE.  Oxygen  is  added  to  the  groundwater  using  H2O2  at  a 
ratio  of  100  grams  per  gram  of  TCE.  Inorganic  nutrients  are  added  as 
diammonium  phosphate  at  a  ratio  of  1  gram  per  gram  of  TCE. 

•  The  extracted  groundwater  is  treated  to  MCLs  at  a  single  treatment 
system  at  the  target  location.  This  system  consists  of  air  stripping  with 
vapor-phase  GAC  adsorption.  Most  (S90  percent)  of  the  treated 
groimdwater  is  chemically  amended  and  reinjected,  and  a  small  blow¬ 
down  stream  ( 10  percent)  is  discharged  to  maintain  a  net  groundwater 
withdrawal  (for  contaiiunent). 

•  A  single  chemical  feed  system— including  chemical  storage,  mixing,  and 
feed  tanks,  mixers,  pumps,  and  controls -services  the  entire  in  situ  treat¬ 
ment  system  (Figure  L3-3). 


Technology  Limitations  and  Uncertainties 

The  critical  limitations  and  uncertainties  of  technology  implementation  are  listed 
below. 

•  The  suitability  of  hot  spot  areas  at  the  Base  for  application  of  in  situ 
cometabolic  biotreatment  will  depend  on  subsurface  characteristics  such 
as  soil  permeabilities,  heterogeneities,  and  contaminant  types  and  distri¬ 
bution. 

•  It  is  unknown  whether  aboveground  treatment  of  extracted  groundwater 
will  be  required  prior  to  reinjection.  If  so,  it  will  significantly  increase 
cost  and  permitting  requirements. 

•  Other  potential  permitting  issues  are  associated  with  reinjection  of 
groundwater  and  injection  of  chemical  amendments.  Patent  issues  that 
must  be  resolved  are  associated  with  the  use  of  in  situ  recirculation 
units. 

•  Achievable  contaminant  treatment  rates  are  unknown  and  must  be 
determined  through  testing. 

•  The  presence  of  naturally  occurring  microorganisms  capable  of  initiating 
transformation  of  CAHs  is  unknown.  The  necessary  microorganisms 
may  or  may  not  be  present  at  potential  target  areas  for  implementation 
of  the  technology,  but  they  have  been  found  to  be  widespread  in  the 
environment.  The  success  of  bioaugmentation  is  uncertain. 
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•  Complete  utilization/biodegradation  and/or  recovery  of  injected  organic 
substrate  must  be  accomplished  to  avoid  adding  contaminants  (and 
associated  risk)  to  the  groundwater. 

Schedule 

A  possible  implementation  schedule  is  provided  in  Figure  L3-4. 


Cost 

This  section  presents  an  estimated  range  of  order-of  magnitude  implementation  costs 
based  on  the  conceptual  design.  Implementation  costs  include  costs  associated  with: 
ongoing  literature  review,  further  site  characterization,  bench-scale  testing,  pilot-scale 
testing,  and  full-scale  capital  and  annual  operations  and  maintenance.  The  scope  of 
each  of  these  cost-related  activities  is  summarized  below: 

•  Literature  Review.  Technology  researchers  (i.e.,  universities,  industry, 
consultants)  are  likely  to  further  develop  the  technology  such  that 
enhancements  (optimization)  and  limitations  will  be  better  understood. 
The  decision  to  proceed  with  further  implementation  of  in  situ  cometa- 
bolic  biotreatment  requires  ongoing  assessment  and  review  of  these 
research  results.  While  this  activity  is  not  a  significant  cost  factor  of 
implementation,  it  is  an  important  implementation  activity. 

•  Further  Site  Characterization.  This  activity  is  necessary  to  confirm  the 
location  of  a  proposed  implementation  site  and  to  provide  the  necessary 
soil  cores  for  bench-scale  microcosm  studies.  Associated  costs  are  rela¬ 
ted  to  fieldwork  (streamlined  SAP,  QAPP,  sampling  labor  and  expenses, 
analytical  expenses,  report,  etc.)  designed  to  identify  site  subsurface 
characteristics  and  collect  and  analyze  samples  for  bench-scale  testing. 

•  Bench-Scale  Testing.  This  activity  includes  scope  and  work  plan  devel¬ 
opment,  contract  procurement,  and  the  cost  of  conducting  and  oversee¬ 
ing  the  soil  microcosm  studies  previously  described. 

•  Pilot-Scale  Testing.  This  activity  includes  costs  associated  with  scope 
and  work  plan  development,  contract  procurement,  equipment  procure¬ 
ment,  system  installation,  system  operation,  demobilization,  sampling 
and  analysis  (system  monitoring),  evaluation  of  system  performance,  and 
reporting. 
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•  ‘  FuU'Scale  Capital.  Capital  costs  are  direct  and  indirect  costs  required 

to  initiate  and  install  the  technology  system  components,  including  (but 
not  limited  to)  engineering  design,  mobilization  and  demobilization  of 
equipment  and  people,  site  construction  activities  (i.e.,  well  installation), 
contractor  bonding  and  insurance,  equipment  procurement  and  installa¬ 
tion,  licensing  and  permitting,  health  and  safety,  and  supervision  during 
construction. 

•  Full-Scale  Operation  and  Maintenance.  Operation  and  maintenance 
(O&M)  costs  represent  those  costs  that  would  be  incurred  during  each 
year  of  operation  from  initial  startup  to  final  shutdown  of  the  full-scale 
system.  Since  annual  O&M  costs  occur  over  a  period  of  years,  future 
costs  have  been  discounted  to  the  present  year’s  equivalent  value  (i.e., 
the  present  value  cost)  using  5  percent  interest,  so  that  annual  costs 
remain  comparable.  Actual  annual  costs  are  likely  to  be  much  higher 
during  the  first  year(s)  of  operation  as  the  system  is  commissioned  and 
optimized  for  operation,  and  due  to  higher  chemical  usage  rates  and 
associated  labor  required  for  treating  higher  initial  concentrations. 
Therefore,  the  aimual  costs  are  intended  to  represent  the  anticipated 

.  average  yearly  cost  of  operation  over  the  life  of  the  system. 

A  contingency  of  30  percent  has  been  applied  to  the  full-scale  implementation  cost  to 
account  for  possible  project  cost  increases  due  to  scope  and  bid  variations  that  typi¬ 
cally  occur  with  hazardous  waste  remediation  projects.  These  increases  are  typically 
caused  by  the  changes  that  normally  occur  as  part  of  final  design  and  implementation, 
based  on  observation  of  actual  field  conditions/contamination,  and  factors,  which 
affect  the  cost  of  subcontracted  services,  such  as  labor  and  material  shortages.  Not 
included  in  the  estimates  are  any  agency  or  Air  Force  administrative  costs,  nor  any 
costs  associated  with  modifications  of  the  existing  groundwater  treatment  system(s). 

Typically,  order-of-magnitude  cost  estimates  for  general  construction  projects  are 
intended  to  reflect  an  accuracy  of  within  50  percent  greater  to  30  percent  less  than 
actual  costs.  The  estimates  summarized  below  are  expected  to  be  within  these 
ranges;  however,  there  is  greater  uncertainty  of  accuracy  as  a  result  of  the  lesser 
degree  of  development  associated  with  this  innovative  technology  compared  to  gen¬ 
eral  construction  technologies.  Current  pricing  data  based  on  quoted  equipment 
costs,  construction  cost  data  (e.g..  Means,  1993),  previous  local  project  experience, 
and  engineering  judgment  have  been  used  to  generate  the  estimates,  using  adjust¬ 
ments  for  local  McQellan  AFB  costs  when  available.  Final  project  costs  will  depend 
on  actual  labor  and  material  costs,  actual  site  conditions  at  the  time  of  implementa¬ 
tion,  productivity,  competitive  market  conditions,  final  project  scope  and  schedule, 
contractors  selected  to  perform  activities,  and  many  other  variables.  As  a  result,  the 
final  project  costs  will  c^er  from  the  exact  value  of  any  estimates  presented  here. 

The  following  order-of-magnitude  implementation  costs  are  estimated  for  in  situ 
cometabolic  biotreatment: 
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•  Literature  review  will  require  approximately  $14,000  over  a  period  of 
2  years. 

•  It  is  estimated  that  further  site  characterization  could  be  completed  for 
approximately  $50,000. 

•  It  is  estimated  that  bench-scale  testing  could  be  completed  for  approxi¬ 
mately  $68,000. 

•  Pilot-scale  testing  is  estimated  to  cost  approximately  $355,000. 

Full-scale  implementation  costs  on  a  per  acre  basis  are  sununarized  in  Table  L3-2. 
The  estimated  costs  for  construction  and  operation  of  a  full-scale  system  range  from 
approximately  $1.9M/acre  (for  60-foot  well  spacing,  2  years’  operation,  and  no 
groundwater  treatment  prior  to  reinjection)  to  $14.7M/acre  (for  30-foot  well  spacing, 

5  years’  operation,  and  groundwater  treatment  prior  to  reinjection).  The  added  cost 
of  groundwater  treatment  prior  to  reinjection  is  estimated  to  be  approximately 
$100,000/acre.  Key  assumptions  associated  with  the  implementation  cost  estimate,  in 
addition  to  those  previously  described,  include: 

•  Full-scale  costs  are  reported  on  a  per  acre  basis.  Costs  were  estimated 
for  a  five-module  (45  extraction  wells)  system  and  converted  to  per  acre 
costs. 

•  Nine  man-daysAvell  plus  drilling  costs  are  needed  to  install  wells.  This 
includes  drilling,  well  completion  and  development,  and  surface  plumb¬ 
ing. 

•  Groundwater  treatment  unit  operational  costs  are  $200/lb  VOCs,  and 
approximately  600  lb  of  contaminants  will  require  aboveground  removal 
per  year. 

•  Average  groundwater  concentration  is  5  mg/1  total  chlorinated  VOCs. 

•  System  monitoring  includes  240  man-days/year  for  system  operation  and 
maintenance,  and  the  collection  of  nine  samples  per  module. 

•  The  substrate  feed  system  is  constructed  inside  a  corrugated  metal  roof- 
covered  building. 

•  Toluene  is  added  at  a  rate  of  15,000  Ib/module  per  year  at  a  cost  of 
$4/lb;  hydrogen  peroxide  is  the  oxygen  source  and  is  added  at  a  rate  of 
59,000  Ib/module  per  year  at  a  cost  of  $3.50/lb.  Chemical  costs  include 
shipping  and  handling. 
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Each  module  consists  of  four  extraction  wells  piped  to  a  DPE  skid.  The 
trtntairK  an  airAwater  seoarator:  a  hidh  vacuum,  continuous-duty 


Table  L3-2 

In  Situ  Cometabolic  Biotreatment 
Order-of-Magnitude  Implementation  Cost  Summary 


Activi^ 

Range  of  Costs  ($/acre) 

Low* 

Low  - 

Intermediat 

e” 

Intennedia 
te  -  High* 

High" 

Full-Scale  Capital 

900,000 

900,000 

3,900,000 

3,900,000 

Full-Scale  O&M 
(Present  Worth  for  All 
Years) 

1,000,000 

1,100,000 

4,600,000 

10,800,000 

Full-Scale 

Implementation  Cost 

1,900,000 

2,000,000 

8,500,000 

14,700,000 

Notes: 

‘Based  on  60  feet  well  spacing,  2  years  of  operation,  and  no  groundwater 
treatment  prior  to  reinjection. 

'’Based  on  60  feet  well  spacing,  5  years  of  operation,  and  groundwater  treatment 
prior  to  reinjection. 

‘’Based  on  15  feet  well  spacing,  2  years  of  operation,  and  groundwater  treatment 
prior  to  reinjection. 

"Based  on  15  feet  well  spacing,  5  years  of  operation,  and  groundwater  treatment 
prior  to  reinjection. 

Other  significant  assumptions  include:  100  percent  system  on-time;  annual 
sampling  and  analysis  costs,  and  performance  evaluations  included  in  operational 
cost;  30  percent  contingency  factor  applied. 
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Appendix  L4 


TECHNICAL  MEMORANDUM  LA 


a&MHiii 


PREPARED  FOR:  McClellan  Air  Force  Base 

DATE:  November  7,  1993 

SUBJECT:  Dual  Phase  Extraction  (DPE)  Implementation  Plan 

Groundwater  OU  RI/FS  Report 
Delivery  Order  No.  5066 

PROJECT:  SAC28722.66.NT 


Technology  Overview 

Description 

Dual  Phase  Extraction  (DPE)  is  a  groundwater  remediation  technology  that  simulta¬ 
neously  extracts  contaminants  from  the  vadose,  capillary  fringe,  and  saturated  zones. 
While  conventional  soil  vapor  extraction  (SVE)  systems  and  conventional  pump-and- 
treat  systems  address  only  the  zones  above  and  below  the  water  table,  respectively, 
neither  one  directly  addresses  the  capillary  fringe.  Insoluble  contaminants  tend  to 
collect  in  the  capillary  fringe  or  "smear"  zone  due  to  low  air  flow  and  low  water 
flows.  This  tends  to  represent  one  of  the  most  difficult  zones  to  remediate.  DPE 
potentially  can  remediate  all  three  zones  at  the  same  time. 

There  are  two  primary  approaches  for  extracting  water  and  soil  vapors  simultaneously 
from  a  single  well.  The  firet,  known  as  DPE,  uses  pumping  equipment  located  at  the 
surface  and  an  aspiration  "straw"  to  remove  groundwater  and  air  in  a  common  extrac¬ 
tion  stream.  The  other,  known  as  Dual  Extraction  (DE),  consists  of  a  combination  of 
conventional  SVE  and  pump-and-treat  systems  in  a  single  well.  DE  has  been 
employed  as  an  enhancement  in  settings  conducive  to  conventional  pump-and-treat 
(higher  relative  permeabilities),  while  DPE  was  developed  specifically  for  very  low 
permeability  sites  for  which  conventional  pximp-and-treat  has  been  considered  difficult 
or  infeasible.  The  case  histories  for  both  systems  include  applications  with  ground- 
water  depths  that  are  much  shallower  than  is  typical  at  McQellan  AFB.  This  Imple¬ 
mentation  Plan  has  been  developed  for  DPE,  as  opposed  to  DE,  because  of  the 
direct  applicability  of  the  DPE  technology  to  very  fine-grained,  saturated  zones  of 
contamination,  and,  therefore,  its  potential  applicability  at  McQellan  AFB.  However, 
this  discussion  of  DPE  is  based  on  prior  experience  at  groimdwater  depths  of  10  to 
30  feet,  and  whether  its  applicability  holds  true  at  groundwater  depths  of  100  feet 
remains  to  be  demonstrated. 
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The  DPE  system  consists  of  one  or  more  wells,  screened  over  a  depth  approximately 
5  to  10  feet  above  the  water  table  to  a  depth  of  about  10  feet  below  the  water  table; 
an  aboveground  unit  consisting  of  a  high  vacuum  blower,  an  airMater  separator,  and 
piping  connections  to  offgas  and  groundwater  treatment  systems;  and  (optionally)  a 
system  of  passive  or  active  injection  wells  screened  above  the  equilibrium  water  table 
surface  established  during  system  operation. 

High  vacuum  conditions  are  essential  for  DPE  to  be  fully  utilized.  Also  referred  to  as 
Two-Phase  Extraction  and  High  Vacuum  Extraction,  the  process  uses  high  vacuum 
(18  to  29  inches  of  mercury)  at  the  smear  zone/capillary  ttnge  to  remove  soil  vapor 
and  groundwater  by  entrainment.  The  system  extracts  the  groundwater  and  soil 
vapors  using  a  central  lift  pipe,  or  "straw,"  as  shown  in  Figure  L4-1.  In  deep  ground- 
water  settings,  the  diameter  of  this  straw  can  be  a  critical  design  parameter,  since  it 
directly  influences  the  blower  power  requirements,  the  total  flow  rates,  and  the  vac¬ 
uum  at  the  bottom  of  the  straw.  One  of  the  side  benefits  is  that  volatiles  present  in 
the  aqueous  phase  are  stripped  during  transport  up  the  straw,  transferring  as  much  as 
95  percent  by  weight  of  the  VOCs  to  the  vapor  phase  (Radian,  1993). 

DPE  enhances  groundwater  removal  rates  and  volatilizes  contaminants  from  the 
sorbed  and  free-product  phases.  The  high  vacuum  exerted  by  DPE  increases  the 
hydraulic  gradient  toward  an  extraction  weU,  increasing  well  yield  and  extraction  of 
dissolved  contaminants.  A  dewatered  zone  is  created  in  the  vicinity  of  the  well  by 
pumping  and  is  enhanced  by  the  high  vacuum  applied.  Air  is  drawn  toward  the  well 
in  the  vadose  and  dewatered  zones,  and  is  extracted  simultaneously  with  the  water. 
The  dewatering  of  the  soil  is  vital  for  DPE  to  mobilize  contaminants.  The  dewatered 
effect  is  maximized  in  fine-grained  soils,  where  high  vacuums  can  be  maintained. 
Vapor-phase  contaminants  are  entrained  in  the  extracted  air  and  removed  from  the 
subsurface;  this  effect  is  highest  for  contaminants  with  high  Henry’s  constants,  such  as 
TCE  and  PCE.  Contaminants  that  are  sorbed  onto  the  soil  matrix  may  also  be  effec¬ 
tively  removed  in  the  air  flow.  A  key  benefit  of  the  high  vacuum  employed  by  DPE  is 
the  ability  to  mobilize  and  remove  NAPLs  that  are  located  in  otherwise  diffusion- 
limited  formations  such  as  moist  clay. 

The  process  can  simplify  remedial  actions  by  eliminating  the  need  for  groundwater 
recovery  pumps  within  individual  wells.  DPE  ^Iso  reduces  water  treatment  require¬ 
ments  by  volatilizing  most  of  the  aqueous  pha  contaminants  during  entrainment  in 
the  straw,  resulting  in  lower  concentrations  in  the  aqueous  phase  requiring  treatment. 
(Figure  L4-1  shows  a  simplified  schematic  of  DPE.) 

Development  Status 

Full-scale  field  demonstrations  have  been  performed  at  Xerox  Corporation  sites  in 
New  York,  California,  Illinois,  and  Canada  (H«S:A).  Multiple-well  systems  have  been 
used  in  shallow  applications  (less  than  30  feet)  at  sites  in  Webster,  New  York,  and 
Irvine,  California.  Only  one  pilot  test  has  occurred  at  depths  of  aroimd  100  feet. 
Radian  performed  this  single-well  test  for  a  confidential  client  in  California. 


RDD10012E25.WP5 


U-2 


11/7/93 


Xerox  Corporation  is  the  developer  of  the  DPE  technology  and  holds  the  patent  for 
all  dual-phase  systems  that  utilize  a  straw.  H&A  and  Xerox  have  developed  a  pre¬ 
wired,  sWd-mounted  system  that  can  be  purchased  commercially.  Use  of  the  Xerox 
system/approach  involves  the  payment  of  licensing  and  patent  fees. 

Radian  is  scheduled  to  conduct  a  DPE  pilot  test  at  three  locations  at  McClellan  AFB 
in  the  fall  of  1993. 


Potential  Benefits 

This  subsection  describes  the  performance,  advantages  and  disadvantages,  and  cost 
benefits  associated  with  DPE.  This  information  is  intended  to  provide  a  basis  for 
evaluating  the  potential  benefits  of  implementing  the  technology  as  part  of  the  overall 
McClellan  AFB  groundwater  cleanup  program. 

General  Performance 

The  performance  of  DPE  is  measured  by  its  ability  to  enhance  contaminant  mass 
removal  rates  from  the  subsurface. 

Effectiveness 

•  Expected  to  be  effective  for  removal  of  VOCs  with  Henry’s  constants  greater 
than  or  equal  to  about  10'^  atm-m^/mol. 

•  VOCs  are  removed  from  both  the  vadose  zone  and  groundwater.  This 
includes  removal  of  persistent  NAPLs  that  are  otherwise  difficult  to  remediate. 

•  According  to  Radian,  achievable  groundwater  extraction  rates  can  be  increased 
5  to  10  times  compared  to  conventional  pumping  systems,  and  95  percent  of 
VOCs  in  extracted  groundwater  are  transferred  to  the  vapor  phase  in  the 
straw. 

•  Deep  groundwater  at  the  Base  could  necessitate  greater  power  requirements 
or  alternative  straw  design  relative  to  documented  applications  to  achieve 
effective  treatment. 

Robustness 

•  The  consistency  of  treatment  is  largely  based  on  the  ability  to  maintain  high 
vacuum  conditions.  Layered  strata  at  McQellan  AFB  could  inhibit  consistent 
and  effective  treatment. 
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To  Vapor 
'Treatment 


•To  Water 
Treatment 


•  The  DPE  system  possesses  a  low  to  moderate  tumup/tumdown  capability,  and 
is  fairly  inflexible  with  respect  to  changes  in  flow  rate  of  vapor  and  ground- 
water  extraction  systems.  However,  modular  units  could  be  operated  in  clus¬ 
ters  to  increase  tvumup  capacity. 

Poiential  Risk  Reduction 

DPE  has  the  potential  for  removing  contaminants  from  the  zones  that  are  otherwise 
difficult  to  remediate.  NAPLs  and  sorbed  sources  in  the  capillary  fringe  can  poten¬ 
tially  be  removed  by  this  technology.  Thus,  some  incremental  risk  reduction  might  be 
achieved  through  source  removal. 

•  Contaminant  mass  reduction  in  the  vadose  zone  and  capillary  fringe 
may  reduce  the  risk  of  continuing  groundwater  contamination. 

•  Contaminant  mass  reduction  in  groundwater  may  reduce  the  risk  of 
residual  groundwater  contamination. 

•  Enhancement  of  contaminant  removal  may  shorten  the  overall  ground- 
water  remediation  time,  and  thus,  risk. 

Advantages  Compared  to  Other  Technologies 

•  Enhances  removal  of  contaminants  and  NAPLs  in  the  capillaiy  fringe,  which  is 
otherwise  difficult  to  treat. 

•  Effective  contaminant  removal  has  been  demonstrated  from  low  permeability 
soils  (e.g.,  clays,  silts)  that  are  otherwise  difficult  to  remediate. 

•  Enhancement  of  contaminant  removal  from  the  subsurface  may  reduce  the 
overall  groundwater  remediation  time. 

•  Groundwater  and  soil  vapors  are  extracted  from  the  same  well  by  the  same 
surface  pump  resulting  in  a  decrease  in  equipment  complexity. 

•  The  high  vacuum  dewaters  the  vadose  zone,  exposing  more  unsaturated  soil  to 
vapor  recovery. 

•  Groundwater  extraction  rates  can  be  increased  compared  to  conventional 
pump-and-treat. 

•  Groimdwater  mounding  is  less  than  that  which  is  normally  encoimtered  during 
conventional  soil  vapor  extraction  due  to  the  simultaneous  water  extraction. 

•  As  much  as  95  percent  of  the  VOCs  in  extracted  groundwater  is  transferred  to 
the  vapor  phase,  which  is  more  cost-efficient  to  treat. 
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Disadvantages  Compared  to  Other  Technologies 

•  DPE  has  been  demonstrated  to  be  effective  at  depths  that  are  much  shallower 
than  will  be  necessary  at  McClellan  AFB.  At  depths  of  about  100  feet,  the 
advantage  over  conventional  technologies  may  be  reduced  because  of  frictional 
losses  in  the  aspiration  straw.  This  uncertainty  necessitates  feasibility  screening 
and  design  work  efforts,  which  are  not  required  for  other  technologies. 

•  The  most  successful  demonstrations  of  DPE,  compared  to  conventional  tech¬ 
nologies,  have  been  in  formations  with  very  low  hydraulic  conductivities  (e.g., 
silty  clay).  It  is  not  yet  clear  that  the  low-to-moderate  hydraulic  conductivities 
more  characteristic  of  McQellan  AFB  represent  the  same  potential  relative 
advantage  for  DPE.  To  resolve  this  uncertainty  and  verify  the  relative  advan¬ 
tage  of  DPE  at  the  Base  will  require  pilot  testing  and/or  extended  operation, 
above  and  beyond  that  required  by  conventional  technologies. 

•  The  advantages  (effectiveness  and  cost)  of  DPE  over  conventional  DE  systems 
are  uncertain  for  sites  with  insufficiently  low  permeabilities  to  maintain  high 
vacuum  conditions. 

•  Application  of  the  DPE  technology  is  covered  by  patents  held  by  the  Xerox 
Corporation.  The  license  fees  are  currently  $5,000  per  well  used  for  more 
than  pilot  test  purposes  (more  than  14  days).  This  represents  an  additional 
cost  relative  to  other,  non-patented  technologies. 

•  Application  of  the  technology  in  multiple-well  configurations  is  not  well  docu¬ 
mented  in  available  case  histories,  and  design  guidance  is  not  available  for  the 
well  configurations  expected  to  be  needed  at  McQeUan  AFB.  Relative  to 
other  technologies,  this  suggests  an  additional  cost  will  be  necessary  to  develop 
criteria  for  well  spacing,  optimum  flows  and  vacuums,  and  other  design  param¬ 
eters. 

Relative  Cost  Benefit 

To  evaluate  the  overall  potential  effectiveness  of  DPE,  one  must  look  at  each  of  the 
phases  involved.  In  the  vadose  zone,  DPE  provides  essentially  no  benefit  over  con¬ 
ventional  soil  vapor  extraction  systems.  Below  the  water  table,  the  groimdwater 
pumping  rate  can  be  increased  due  to  the  high  vacuum  applied  near  the  water  table. 
More  significantly,  the  upper  portions  of  formerly  submerged  soil  may  be  exposed  to 
the  air  stream. 

The  greatest  benefit  of  DPE  applies  to  the  capiUary  fringe  that  exists  between  the  two 
zones.  In  this  stasis  zone,  where  air  and  water  flows  are  very  low,  contaminants  tend 
to  be  held  in  place.  The  soil  is  typically  at  least  60  to  80  percent  saturated,  a  factor 
which  significantly  limits  air  permeability.  This  zone  also  retains  insoluble  contami¬ 
nants.  By  lowering  the  water  table,  DPE  reduces  the  moisture  content  of  the  capil- 
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laiy  fringe  and  increases  air  permeability.  The  result  is  a  change  from  a  diffusion- 
limited  condition  to  one  in  which  removal  is  governed  by  the  air  flow  rate. 

The  cost  benefit  of  DPE  would  result  from  the  increased  rates  of  contaminant  remo¬ 
val  that  could  shorten  the  pump-and-treat  operation  time.  Although  a  quantitative 
cost  benefit  cannot  yet  be  accurately  determined,  it  should  be  evaluated  through  an 
analysis  of  estimated  savings  associated  with  the  reduced  operation  time  of  the  pump- 
and-treat  system  compared  with  the  capital  and  operating  costs  of  the  DPE  system. 


Potential  Locations 

Application  of  this  technology  should  occur  in  regions  of  fine-grained,  low  permeabil¬ 
ity  soils  to  support  high  vacuum  conditions  and  maximize  water  drawdown  and  expo¬ 
sure  of  the  capillary  fringe.  DPE  systems  should  be  located  within  hot  spot  plumes 
that  have  significant  contamination  in  the  smear  zone  at  the  surface  of  the  water 
table,  to  maximize  the  potential  contaminant  mass  removal. 

The  use  of  existing  weUs  is  limited  to  those  that  are  screened  over  both  the  vadose 
and  saturated  zones.  The  screen  would  need  to  span  about  5  feet  above  and  10  feet 
below  the  water  table. 

Locations  on  the  east  side  of  the  base  are,  in  general,  less  permeable  than  those  on 
the  west  side.  For  this  reason,  Radian  is  performing  DPE  pilot  testing  in  OU  A  and 
OU  B.  Hot  spot  areas  in  OUs  A  and  B  with  appropriately  low  permeabilities  are 
potentially  suitable  locations  for  full-scale  implementation  of  DPE.  However,  specific 
location  recommendations  should  be  deferred  until  the  pilot  testing  performance  is 
evaluated. 


Approach 


Information  Needs  and  Sources 

Table  L4-1  lists  information  requirements  and  sources  for  implementation  of  DPE. 

Information  Gathering  and  Review 

Preliminary  information  gathering  has  consisted  of  a  review  of  available  reports, 
including  the  Radian  Work  Plan  for  the  Fall  1993  pilot  test,  and  conversations  with 
Xerox  representatives  about  the  modular  treatment  units.  Further  information  gath¬ 
ering  should  focus  on  the  results  of  the  McQellan  AFB  pilot  test.  Radian  wiP  per¬ 
form  that  study  in  two  stages  at  three  locations.  The  first  stage  will  consist  of  short¬ 
term  tests  of  approximately  1  to  2  days  duration  per  well  (Radian,  1993).  The  second 
stage  will  consist  of  either  additional  short-term  tests  at  alternate  test  wells  or  long¬ 
term  tests  of  greater  than  100  hours  duration.  How  well  the  technology  performs  will 


RDD10012E2S.WPS 


L4-7 


11/7/93 


influence  the  implementation  program  and  design.  Analysis  of  the  results  will  indi¬ 
cate  whether  additional  pilot  testing  is  needed,  what  refinements  are  necessary,  and 
what  locations  are  potentially  applicable.  Alternately,  the  pilot  testing  results  may 
indicate  that  the  technology  is  not  applicable  or  cost-effective  at  McQellan  AFB  and 
that  implementation  should  be  halted  for  DPE,  and  possibly  transferred  to  a  DE- 
based  program. 

Implementation  Issues 

•  For  DPE,  both  the  extracted  groundwater  and  the  offgas  stream  will  require 
treatment  and  discharge,  resulting  in  the  need  for  permits. 

•  The  DPE  system  is  patented  and  costs  $20,000  per  site  for  the  licensing  fee, 
plus  $5000  per  well  where  DPE  is  applied  for  more  than  14  days. 

•  Other  issues  that  could  affect  implementation  include  the  generation  of  addi¬ 
tional  data  suggesting  that  DPE  could  not  be  cost-effectively  implemented  in 
the  target  locations.  For  example,  contaminant  distributions  or  zones  of  higher 
permeability  soils  in  hot  spot  areas  may  make  DPE  impractical. 

Bench-Scale  Testing 

Bench-scale  testing  is  not  needed  for  the  implementation  of  DPE  at  McClellan  AFB. 

Pilot-Scale  Testing 
Objectives 

The  two  primary  goals  of  pilot-scale  testing  are  to  evaluate  the  feasibility  of  DPE  at 
McQellan  AFB,  and,  if  feasible,  to  determine  critical  full-scale  design  and  operating 
parameters.  The  feasibility  evaluation  includes  the  following  objectives: 

•  Evaluate  contaminant  removal  rates  achieved  by  DPE  compared  to 
conventional  groundwater  extraction. 

•  Characterize  the  aquifer  response  (drawdown)  created  by  a  network  of 
DPE  wells. 

•  Measure  the  air  flow  rate  achievable  and  water  the  yield  compared  to 
conventional  pumping. 

•  Evaluate  the  ability  to  establish  and  maintain  target  vacuum  levels  at 
the  capilla^^  fringe  (i.e.,  at  the  bottom  of  the  straw)  in  a  deep  well. 
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Table  L4-1 

Dual  Phase  Extraction 
InfonnatkM  RequiKmcnts  and  Soiffccs 


Irrfb  Source 

Information  Needed  for 

Pilot  and  FuU-Scale  hnplcnicntations 

PUot 

FuU 

Contamimmt  Characterization 

•  Contamirumt  Types 

S 

S 

•  Soil  Gas  Concentrations 

S 

S.p 

•  Aqueous  Concentrations 

S 

S.p 

•  Treatment  Requirements 

L 

L 

•  Contaminant  Geometry 

S.L 

S.L 

Subsuifu^  CharactMization:  Hydrogeology 

•  Flows 

M 

M 

•  Static  Water  Levels  over  time 

S.L 

S.L 

•  Water  Chemistry  Parameters 

S 

S 

Subsurface  Characterization:  Geology 

•  Soil  Types 

S 

S 

•  Soil  Heterogeneity 

S.M 

P.S 

•  Air  Permeability 

S.L 

p 

System  Design:  Physical  Configuratioa 

•  Number  of  wells 

•  Well  spacing 

•  Screened  Intervals 

•  Straw  IXameter 

•  Straw  Depth 


System  Design:  Equipment  Requirements 

•  Number  of  Modular  Units 

•  Patent  Requirements 

•  O  &  M  Requiremoits 

•  Blower  Size 


Performance  Capabilitieb 

•  Air  Plow  Rates,  Concentiatioiu 

•  WatN  Flow  Rates,  Concentrations 

•  Mass  Removal  Rates 

•  Vacuum  iqiplied/received  ratio 

•  Monitoring  (Sanq>ling  &  Analysis  Requirements) 

•  Response  to  Waste  Stream  Variabilities 


Residuals  Management 

•  Physical  Configutation  (inlM  separators,  piping) 

•  Viqmr  flows,  concentrations 

•  Aqueous  flows,  concentrations 

•  Pe^tting  Requirements 


Notes: 

L  »  literature/Experts 
P  «  raot  Scale 
V  »  Vendor 


L.M 

L,M 

L 

L,V 

L,M,V 
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B  -  Bench  Scale 

S  s  SampUng  Results 

M  s  Modeling/Odier  Evaluatiou 


•  Establish  preliminary  ranges  of  geologic,  engineering,  and  economic 
parameters  for  selection  of  DPE  over  conventional  groundwater  extrac¬ 
tion. 

•  Evaluate  the  cost-effectiveness  of  DPE  compared  to  a  conventional 
groundwater  pump-and-treat  system.  Develop  order-of-magnitude  cost 
estimates  and  schedule  for  full-scale  remediation. 

If  DPE  appears  feasible,  the  second  objective  of  pilot-scale  testing  would  be  to  deter¬ 
mine  the  following  design  and  operating  parameters: 

•  Optimum  straw  depth  and  diameter 

•  Determine  adjacent  site  response 

•  Effect  of  a  central,  passive  injection  weU  in  a  multiple  well  setting 

•  Radius  of  influence  and  well  spacing  in  a  multiple  well  application 

•  Effect  of  different  applied  vacuums  and  injection  well  flow  rates 


Approach 

It  is  presumed  that  a  multiple-well,  modular  system  will  be  required  to  treat  hot  spot 
plumes  at  McQellan  AFB.  Multiple-well  pilot-scale  testing  would  involve  the  installa¬ 
tion  of  up  to  three  DPE  wells  and  one  injection  well  that  would  be  used  to  collect 
design  and  operation  parameters  necessary  for  full-scale  implementation.  In  order  to 
compare  DPE  with  conventional  pump-and-treat,  a  standard  24-hour  aquifer  test 
would  be  performed  prior  to  DPE  operation.  Evaluation  of  multiple-well  spacing  and 
zone  of  influence,  optimal  straw  diameter,  and  the  benefits  of  a  passive  injection  well 
would  be  the  major  parameters  evaluated  in  a  second  phase  of  pilot  testing.  The 
specific  objectives  and  approach  of  the  pilot-testing  program  would  be  refined  and 
detailed  following  additional  information  gathering  and  review.  The  general  approach 
to  pilot-scale  testing  is  outlined  below. 

1.  Prepare  system  installation  and  operation  work  plan. 

2.  Select  an  appropriate  hot  spot  for  test  site.  The  areas  of  the  existing 
DPE  pilot  testing  could  be  considered  for  possible  modification  and  use 
as  the  test  site. 

3.  Conduct  modeling  using  conventional  groundwater  and  soil  vapor 
extraction  approaches  to  estimate  the  radius  of  influence  for  DPE  wells 
and  target  extraction  vacuum. 

4.  Perform  a  24-hour  conventional  aquifer  test. 

5.  Initially,  install  one  DPE  well  within  the  hot  spot,  screened  over  an 
interval  approximately  5  feet  above  and  10  feet  below  the  water  table. 
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6. 


Install  nested  piezometers  at  radial  distances  from  the  extraction/ 
injection  wells  in  two  directions,  separated  by  an  angle  of  90  degrees. 
Nested  piezometers  should  be  screened  at  a  minimum  of  two  depths  in 
the  vadose  zone  and  in  the  saturated  zone. 

7.  Bring  the  first  DPE  well  online.  Once  performance  has  been  estab¬ 
lished,  additional  DPE  wells  would  be  constructed  and  brought  online. 
The  piezometers  would  be  monitored  to  determine  radius  of  influence 
of  each  DPE  weU  and,  possibly,  to  characterize  the  effects  of  hetero¬ 
geneities  with  respect  to  depth  in  the  subsurface  between  the  DPE  wells 
and  piezometer  nests. 

8.  Install  one  passive  injection  well  within  the  radius  of  influence  of  the 
extraction  well  screened  such  that  the  screened  interval  is  in  the  vadose 
zone,  within  20  feet  of  the  top  of  the  saturated  zone.  The  well  would 
have  flow  control  achieved  through  a  valve  and  flowmeter  placed  at  the 
top  of  the  well. 

9.  After  the  multiple-well  system  reaches  equilibrium,  additional  adjust¬ 
ments  to  vacuum  and  flows  would  be  made  to  determine  optimal  per¬ 
formance  and  test  multiple  well  systemic  effects. 

10.  The  system  would  be  operated  for  a  period  sufficient  for  the  system  to 
reach  equilibrium  between  adjustments. 

11.  The  pUot  system  would  require  an  offgas  treatment  system  such  as 
GAC,  and  extracted  groundwater  would  be  transported  or  piped  directly 
to  the  existing  groundwater  treatment  plant. 

12.  Analyze  data  to  evaluate  performance  of  each  test  condition  and  assess 
the  potential  benefit  of  DPE  to  the  overall  groundwater  remediation 
program. 

13.  Decide  whether  to  proceed  with  full-scale  implementation. 

Full-Scale  Implementation 

Pilot-scale  results  are  necessaiy  to  complete  a  full-scale  system  design.  However,  an 
example  conceptual  design  is  outlined  ^low  to  illustrate  the  major  elements  of  a  full- 
scale  system  and  to  provide  a  basis  for  a  rough  order-of-magnitude  cost  estimate. 
Rather  than  developing  a  conceptual  design  for  a  particular  location,  a  modular 
approach  was  used  to  develop  an  estimated  range  of  costs  per  unit  acre  for  full-scale 
implementation. 

The  example  conceptual  design  is  based  on  the  following  key  assumptions: 
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•  Each  module  consists  of  four  extraction  wells  piped  to  a  DPE  skid.  The 
skid  contains  an  air/water  separator;  a  high  vacuum,  continuous-duty 
blower;  and  piping  connections  to  the  offgas  and  groundwater  treatment 
systems.  A  process  schematic  is  provided  in  Figure  LA-2.  A  conceptual 
layout  of  modules  at  a  hypothetical  hot  spot  is  depicted  in  Figure  L4-3. 

•  The  spacing  of  the  DPE  wells  varies  from  30  to  50  feet  on  center,  based 
on  initial  calculations  of  radius  of  influence.  These  calculations  pre¬ 
sumed  the  foUowing  generic  conditions; 

Water  transmissivities  of  10  ft^/day  and  100  ft^/day  to  provide 
range 

Well  efficiency  is  100  percent 

Groundwater  extraction  from  DPE  is  approximately  5  to  10  times 
greater  than  under  ambient  conditions 

-  Well  screen  length  is  15  feet,  from  10  feet  below  and  5  feet 
above  the  water  table  prior  to  extraction 

•  Approximate  coverage  by  one  module  ranges  from  3,600  ft^ 

(12.1  modules  per  acre)  to  10,000  ft^  (4.4  modules  per  acre),  depending 
on  weU  spacing. 

•  Approximate  ranges  of  flows  from  each  module  are  50  to  250  cfin  vapor 
and  2  to  10  gpm  water. 

•  Each  DPE  conceptual  module  includes  two  injection  wells.  For  every 
ten  extraction  and  injection  wells,  there  will  be  one  groundwater  moni¬ 
toring  well. 

•  Offgas  treatment  is  localized  at  the  hot  spot,  and  shared  by  all  modules. 


Technology  Limitations  and  Uncertainties 

The  critical  limitations  and  uncertainties  of  technology  implementation  are  listed 
below. 


•  Subsurface  heterogeneities  are  expected  to  significantly  influence  DPE 
effectiveness.  Zones  of  low-to-moderate  permeability  will  result  in  diffi¬ 
culty  maintaining  sufficiently  high  vacuums.  Careful  site  characteriza¬ 
tion  during  well  installation  should  identify  these  zones  prior  to  comple¬ 
tion  of  the  well. 
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EXTRACTION  WELL 
INJECTION  WELL  (PASSIVE) 
PIEZOMETER  CLUSTER 
EXTRACTION  PIPING 


FIGURE  L4<3 

DPE  CONCEPTUAL  LAYOUT 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 


•  The  operational  parameters  and  design  requirements  for  deep  well 
systems  have  not  been  defined.  There  is  warranted  concern  that  fric¬ 
tional  forces  in  a  small-diameter  straw  will  impose  head  loss,  which 
prevents  reaching  the  target  vacuum  of  20  inches  of  mercury  at  the  base 
of  the  well.  Modifications  to  the  DPE  system  may  be  necessary  to  cor¬ 
rect  this  problem. 

•  The  effect  of  repeated  startup/shutdown  periods  on  the  movement  of 
contaminants  is  uncertain. 

•  The  interactions  of  DPE  wells  in  a  multiple-well  setting  have  not  been 
well  documented.  The  above  approach  to  pilot-scale  testing  attempts  to 
investigate  these  interactions.  Of  particular  concern  is  the  behavior  of 
groundwater  and  the  capillary  firinge  in  the  area  between  DPE  wells. 


Schedule 

An  implementation  schedule  is  shown  in  Figure  L4-4. 


Cost 

This  section  presents  an  estimated  range  for  order-of  magnitude  implementation  costs 
based  on  the  conceptual  design.  Implementation  costs  include  costs  associated  with: 
ongoing  literature  review,  pilot-scale  testing,  and  full-scale  capital  expenses  and 
aimual  operations  and  maintenance.  The  scope  of  ear’  of  these  cost-related  activities 
is  summarized  below; 

•  Literature  Review.  Technology  researchers  are  likely  to  further  develop 
the  technology  such  that  enhancements  (optimization)  and  limitations 
will  be  better  understood.  The  decision  to  proceed  with  further  imple¬ 
mentation  of  DPE  requires  ongoing  assessment  and  review  of  these 
research  results.  While  this  activity  is  not  a  significant  cost  factor  of 
implementation,  it  is  an  important  implementation  activity. 

•  PUot-Scale  Testing.  This  activity  includes  costs  zissociated  with  scope 
and  work  plan  development,  contract  procurement,  equipment  procure¬ 
ment,  system  installation,  system  operation,  demobilization,  sampling 
and  analysis  (system  monitoring),  evaluation  of  system  performance,  and 
reporting. 
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•  Full-Scale  Capital.  Capita!  costs  are  direct  and  indirect  costs  required 
to  initiate  and  install  the  technology  system  components,  including  (but 
not  limited  to)  engineering  design,  mobilization  and  demobilization  of 
equipment  and  people,  site  construction  (i.e.,  well  installation)  activities, 
contractor  bonding  and  insurance,  equipment  procurement  and 
installation,  licensing  and  {>ermitting,  health  and  safety,  and  supervision 
during  construction. 

•  Full-Scale  Operation  and  Maintenance.  Operation  and  maintenance 
(O&M)  costs  represent  those  costs  which  would  be  incurred  during  each 
year  of  operation  from  initial  startup  to  final  shutdown  of  the  full-scale 
system.  O&M  costs  include  operations  and  maintenance  labor,  power, 
sampling  and  analysis,  and  residual  waste  stream  treatment.  Since 
annual  O&M  costs  occur  over  a  period  of  years,  future  costs  have  been 
discounted  to  the  present  year’s  equivalent  value  (i.e.,  the  present  value 
cost)  using  5  percent  interest,  so  that  annual  costs  remain  comparable. 
Actual  annual  costs  are  likely  to  be  much  higher  during  the  first  year(s) 
of  operation  as  the  system  is  commissioned  and  optimized  for  opera¬ 
tion,  and  due  to  higher  chemical  usage  rates  and  associated  labor 
required  for  treating  higher  initial  concentrations.  Therefore,  the 
aimual  costs  are  intended  to  represent  the  anticipated  average  yearly 
cost  of  operation  over  the  life  of  the  system. 

A  contingency  of  30  percent  has  been  applied  to  the  full-scale  implementation  cost  to 
accoimt  for  possible  project  cost  increases  due  to  scope  and  bid  variations  that  typi¬ 
cally  occur  with  hazardous  waste  remedia  on  projects.  These  increases  are  typically 
caused  by  the  changes  which  normally  occur  as  part  of  final  design  and  implementa¬ 
tion,  based  on  observation  of  actual  field  conditions,  and  factors  which  afreet  the  cost 
of  subcontracted  services,  such  as  labor  and  material  shortages.  Not  included  in  the 
estimates  are  any  agency  or  Air  Force  administrative  costs,  nor  any  costs  associated 
with  modifications  of  the  existing  groundwater  treatment  system(s). 

Typically,  order-of-magnitude  cost  estimates  for  general  construction  projects  are 
intended  to  reflect  an  accuracy  of  within  50  percent  greater  to  30  percent  less  than 
actual  costs.  The  estimates  summarized  below  are  expected  to  be  within  these 
ranges;  however,  there  is  greater  uncertainty  of  accuracy  as  a  result  of  the  lesser 
degree  of  development  associated  with  this  iimovative  technology  compared  to  gen¬ 
eral  construction  technologies.  Current  pricing  data  based  on  quoted  eqmpment 
costs,  construction  cost  data  (e.g..  Means,  1993),  previous  local  project  experience, 
and  engineering  judgment  have  been  used  to  generate  the  estimates,  using  adjust¬ 
ments  for  local  McQellan  AFB  costs  when  available.  Final  project  costs  will  depend 
on  actual  labor  and  material  costs,  actual  site  conditions  at  the  time  of  implementa¬ 
tion,  productivity,  competitive  market  conditions,  final  project  scope  and  schediile, 
contractors  selected  to  perform  activities,  and  many  other  variables.  As  a  result,  the 
final  project  costs  will  differ  from  the  exact  value  of  any  estimates  presented  here. 

The  following  order-of-magnitude  implementation  costs  are  estimated  for  DPE: 
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•  Literature  review  will  require  approximately  $24,000  over  a  period  of 
2  years. 

•  Multiple-well  pilot-scale  testing  is  estimated  to  cost  approximately 
$340,000. 

Full-scale  implementation  costs  on  a  per  acre  basis  are  summarized  in  Table  L4-2. 
The  estimated  costs  for  construction  and  operation  of  a  full-scale  system  range  from 
approximately  $5.9  M/acre  (for  50-foot  well  spacing  and  3  years’  operation)  to 
$22.6  M/acre  (for  30-foot  well  spacing  and  5  years’  operation).  Key  assumptions 
associated  with  the  implementation  cost  estimate,  in  addition  to  those  previously 
described,  include: 

•  FuU-scale  costs  are  reported  on  a  per  acre  basis.  Costs  were  estimated 
for  a  five-module  (20  DPE  wells)  system  and  converted  to  per  acre 
costs. 

•  Licensing  costs  are  a  one-time  $20,000  site  fee,  plus  $5,000  per  well  in 
which  DPE  is  utilized  for  more  than  14  days. 

•  DPE  skid-moimted  units  (from  H&A  of  New  York)  can  be  purchased 
for  approximately  $50,000.  These  units  include  a  50  hp  high  vacuum 
blower,  an  air  water  separator,  and  piping  connections  for  offgas  and 
groundwater  treatment  systems. 

•  Twelve  man-days  per  well  are  assumed  to  install  a  DPE  well.  This 
includes  drilling,  well  completion  and  weU  development,  straw  installa¬ 
tion,  and  all  surface  plumbing.  Nine  man-days  per  weU  are  assumed  for 
a  passive  injection  wells,  and  nine  man-days  per  well  for  groimdwater 
monitoring  wells. 

•  VCXIIs  are  removed  at  an  average  rate  of  100  Ib/day  per  module  in  the 
vapor  phase  over  the  operational  period  of  the  system.  Assumed  cost 
for  offgas  treatment  is  $5/Ib  VOCs,  and  is  a  significant  cost  factor. 

•  It  is  assumed  that  one  30  hp  offgas  blower  rated  at  900  cfm  at  2-inch  of 
mecuiy  can  service  five  modules  for  offgas  coUection  for  onsite  treat¬ 
ment. 

•  It  is  assumed  that  one  pump,  rated  at  5  to  50  gpm,  can  service  ten 
modules  for  groundwater  transport  to  the  existing  groimdwater  treat¬ 
ment  plant.  Additional  costs  for  groundwater  treatment  are  included  in 
the  estimate. 

•  Each  module  contains  500-foot  PVC  pipe. 
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Table  L4-2 

Dual  Phase  Extraction 

Order-of-Magnitude  fanplcmentation  Cost  Sunnnary 


Range  of  Costs  ($/acre)  | 

Activity 

Low* 

Low  - 

Intcnnediate^ 

Intcnnetfiafe 

-High* 

High* 

Full-Scale  Coital 

1,960,000 

5,390,000 

5,390,000 

Full-Scale  O&M 
(Pieaeat  Worth  for  All 

Years) 

3,930,000 

6,250,000 

Full-Scale  ImplementaticMi 

Cost 

5,890,000 

Notes: 

'Baaed  on  SO  feet  well  spacing  and  3  years  of  operation. 

^Based  on  50  feet  well  spacing  and  S  years  of  operation. 

°Baaed  on  30  feet  well  spacing  and  3  years  of  operation. 

^Baaed  on  30  feet  well  spacing  and  S  years  of  operation. 

1  Other  significant  assumptions  include: 

$S/lb  VOCs  offgas  treatment  cost 

-  100  Ibs/day  per  nxxlule  average  removal  rate 

-  90  percent  ^stem  on-time 

-  Annual  san^ling  and  analysis,  and  performance  evaluations  included  in  operatioiul  cost 

-  30  percent  contingency  factor  applied 

•  System  operational  time  is  assumed  90  percent,  or  7,884  hours  per  year 
per  well. 
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PREPARED  FOR:  McQellan  Air  Force  Base 

DATE:  November  7,  1993 

SUBJECT:  SVE/Sparging  Implementation  Plan 

Groundwater  OU  RI/FS  Report 
Delivery  Order  No.  5066 

PROJECT:  SAC28722.66.NT 


Technology  Overview 

Description 

Soil  vapor  extraction/sparging,  also  referred  to  as  "groundwater  aeration"  or 
"sparging,"  is  sometimes  used  as  an  enhancement  of  conventional  soil  vapor  extraction 
(SVE)  for  the  removal  of  volatile  contaminants  from  the  saturated  and  imsaturated 
zones.  Sparging  involves  injecting  air  into  the  saturated  zone  to  mobilize  VOCs  dis¬ 
solved  in  the  groundwater  and  adsorbed  to  soil.  The  sparged  air  travels  upward  into 
the  vadose  zone  through  buoyant  forces,  and  the  contaminants  are  withdrawn  through 
standard  vapor  extraction  wells  installed  in  the  vadose  zone.  Air  sparging  may 
enhance  biodegradation  of  contaminants  amenable  to  aerobic  degradation  through 
the  increased  supply  of  oxygen  to  the  subsurface;  and,  conversely,  may  inhibit  bio¬ 
degradation  of  compounds  by  anaerobic  mechanisms.  The  most  likely  niche  for  SVE/ 
sparging  is  at  sites  with  readily  (aerobicaUy)  biodegradable  contaminants  in  or  near 
the  smear  zone  immediately  above  the  groimdwater  surface  (capillary  fringe)  and/or 
floating  light  nonaqueous  phase  liquid  (U^APL). 

Soil  vapor  extraction  implemented  without  enhancements  (i.e.,  air  sparging  or  steam 
injection)  is  effective  at  removing  contaminants  from  the  vadose  zone  and  can  repor¬ 
tedly  remove  contaminants  from  the  saturated  zone.  However,  the  slow  transport 
rates  of  dissolved  contaminants  in  the  aqueous  phase  to  the  air-water  interface  limit 
removal  effectiveness.  Air  sparging  is  expected  to  significantly  increase  this  rate  of 
contaminant  transport  within  soil  macropores  that  are  developed  (Noonan  et  al., 
1993),  especially  in  the  smear  zone/capillary  fringe. 

Schematics  showing  the  two  most  common  configurations  of  an  SVE/sparging  system 
are  depicted  in  Figure  L5-1.  Figure  L5-1  shows  vertical  and  horizontal  well  configura¬ 
tions;  other  configurations  such  as  a  combination  of  vertical  and  horizontal  wells,  are 
also  possible.  The  optimal  configuration  for  implementation  of  SVE/sparging  at  a 
given  site  at  McQellan  AFB  will  depend  on  the  lithology,  contaminant  distribution, 
and  size  of  the  targeted  treatment  area. 
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SVE  wells  are  installed  in  the  vadose  zone,  generally  in  close  proximity  to  the  ground- 
water  table.  Vapor  extraction  and  contaminant  removal  is  achieved  with  an  above¬ 
ground  system  consisting  of  an  airAvater  separator,  vacuum  blower,  and  offgas  treat¬ 
ment  system.  An  air  sparging  system  consists  of  a  well  screened  only  in  the  saturated 
zone  and  an  aboveground,  oil-free  compressor  that  is  used  to  inject  air  into  the  well. 
Under  certain  circumstances  an  alternative  injection  gas,  such  as  nitrogen,  can  be 
injected.  For  example,  nitrogen  sparging  coiild  be  employed  to  avoid  disruption  of 
natural  anaerobic  biodegradation  of  contaminants. 

The  design  of  an  air  sparging  system  requires:  the  knowledge  of  subsurface  proper¬ 
ties  such  as  air  permeability,  soil  particle  size,  soil  stratification,  soil  classification,  and 
groundwater  behavior;  identification  of  injection  and  extraction  well  locations  and 
design;  desired  air  flows  and  expected  SVE  offgas  contaminant  concentrations;  and 
the  selection  and  sizing  of  aboveground  equipment. 

Development  Status 

A  recent  review  (Camp,  Dresser  and  McKee,  Inc.,  1992)  listed  20  sites  that  have  been 
remediated  using  SVE/sparging.  In  approximately  half  of  those  sites,  chlorinated 
VOCs  (PCE,  TCE,  TCA,  etc.)  were  the  primary  contaminants.  The  technology  has 
primarily  been  applied  at  sites  with  fairly  homogeneous,  permeable  soils  or  highly 
ffactured  rock  formations.  Of  the  20  sites  identified,  only  two  had  depths  to  ground- 
water  of  roughly  100  feet  bgs  (90  and  135  feet  bgs). 

There  are  a  number  of  companies  that  claim  to  have  air  sparging  experience.  The 
most  aggressive  promoters  of  the  technology  are  Groundwater  Technology  and  Vapex 
Environmental  Technologies,  Inc.  (VAPEX).  CH2M  HILL  has  had  mixed  success 
with  sparging.  In  some  cases  sparging  has  been  very  successful,  but  on  other  projects 
the  results  have  been  less  conclusive.  A  perceived  limitation  of  air  sparging  is  that 
much  of  the  published  literature  has  not  received  peer  review,  and  many  of  the  fail¬ 
ures  of  sparging  are  not  reported.  Therefore  the  applications  and  potential  benefits 
may  sometimes  be  overstated.  However,  this  limitation  is  beginning  to  change  as 
consultants  and  university  researchers  have  begun  to  provide  a  more  critical  analysis 
of  air  sparging. 


Potential  Benefits 

This  subsection  describes  the  performance,  advantages  and  disadvantages,  and  cost 
benefits  associated  with  SVE/sparging.  This  information  is  intended  to  provide  a 
basis  for  evaluating  the  potential  benefits  of  implementing  the  technology  as  part  of 
the  overaU  McQellan  ATO  groundwater  cleanup  program. 
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General  Performance 


The  performance  of  SVE/sparging  is  measured  by  its  ability  to  enhance  contaminant 

mass  removal  from  the  subsurface. 

Effectiveness 

•  Expected  to  be  effective  for  removal  of  prevalent  VOCs  in  subsurface  at 
McQellan  AFB.  Contaminant  removal  will  be  most  effective  in  the  smear 
zone/capillary  fringe,  but  removal  effectiveness  in  saturated  zone  is  uncertain. 

•  Contaminant  removal  efficiency  will  depend  on  soil  stratigraphy,  soil  air  per¬ 
meability,  aquifer  characteristics,  weU  layout,  and  process  control. 

Robustness 

•  VOCs  are  amenable  to  removal  by  SVE/sparging. 

•  Semi-VOCs  and  nonvolatile  organics  are  not  physically  removed  by  stripping 
but  may  be  biodegraded. 

•  Potentially  effective  over  a  wide  range  of  concentrations.  In  general,  mass 
removal  rates  are  higher  when  contaminant  concentrations  are  greater. 

•  System  efficiency  may  be  reduced  by  chemical  or  biological  fouling  of  well 
screens. 

•  A  properly  designed  monitoring  and  control  system  is  required  to  maintain 
operational  consistency  and  identify  process  upsets. 

Potential  Risk  Reduction 

•  Removing  contaminant  mass  from  the  vadose  zone  and  smear  zone  reduces 
the  risk  of  continuing  groundwater  contamination. 

•  Enhancing  contaminant  mass  removal  rates  may  reduce  the  time  required  to 
reach  groundwater  remediation  goals. 

Advantages  Compared  to  Other  Technologies 

•  SVE/sparging  can  potentially  enhance  removal  of  contaminants  fr^om  the  smear 
zone,  which  is  otherwise  difficult  to  treat. 

•  Contaminant  desorption  from  soils  in  the  saturated  zone  may  be  enhanced 
through  the  induced  mixing  and  turbulence  at  soil-air-water  interfaces,  pri¬ 
marily  in  macropores. 
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•  VOCs  removed  in  the  vapor  phase  are  generally  less  expensive  to  treat  than 
those  removed  in  the  liquid  phase. 

•  Treatment  of  aerobically  biodegradable  organics  may  be  promoted. 

•  SVE/sparging  in  conjunction  with  pump-and-treat  can  potentially  reduce  reme¬ 
diation  time  compared  to  pump-and-treat  alone. 

Disadvantages  Compared  to  Other  Technologies 

•  SVE/sparging  may  not  effectively  remove  contaminants  from  groundwater.  Air 
channeling  is  likely  to  occur,  resulting  in  poor  treatment  in  saturated  zone. 

•  Horizontal  channeling  can  reduce  effectiveness  and  result  in  the  uncontrolled 
migration  of  contaminants. 

•  Biological  fouling  and  metals  precipitation  on  well  screens  can  occur,  reducing 
effectiveness. 

•  Naturally  occurring  anaerobic  degradation  of  some  chlorinated  organics  may 
be  inhibited. 

•  Air  bubbles  can  become  trapped  in  saturated  macropores  limiting  overall  con¬ 
taminant  removal  and  oxygen  transfer. 

Relative  Cost  Benefit 

The  cost  benefit  of  SVE/sparging  would  result  from  increased  rates  of  contaminant 
removal  that  could  shorten  the  pump-and-treat  operation  time.  Cost  benefit  should 
be  evaluated  through  an  analysis  of  estimated  savings  associated  with  the  reduced 
operation  time  of  the  pump-and-treat  system  compared  to  the  capital  and  operation 
costs  of  the  SVE/sparging  system. 


Potential  Locations 

SVE/sparging  is  most  effective  when  appb'ed  to  the  removal  of  contaminants  from  the 
smear  zone  in  highly  permeable  soils  with  relatively  low  heterogeneity.  Implementa¬ 
tion  of  this  technology  at  McQellan  AFB  would  be  most  effective  when  applied  in 
areas  with  high  contaminant  levels  in  the  smear  zone/capillaiy  fringe  subsurface  hot 
spots.  This  type  of  application  would  provide  source  reduction  in  the  smear  zone, 
reducing  the  potential  for  long-term  contamination  of  groundwater. 

Because  moderate-to-high  permeabilities  are  required,  hotspot  locations  in  OU  C  and 
OU  D  are  potentially  suitable  for  SVE/sparging  application  at  the  Base.  However,  a 
thorough  review  of  subsurface  characterization  data  would  be  needed  to  select  an 
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exact  location  with  the  appropriate  conditions  (with  respect  to  permeability,  heteroge¬ 
neity,  and  contaminant  distribution)  for  implementation. 


Approach 


Information  Needs  and  Sources 

Table  L5-1  provides  a  summaiy  of  the  information  needs  and  sources  for  implemen¬ 
tation  of  SVE/sparging. 

Information  Gathering  and  Review 

Information  on  SVE/sparging  collected  to  date  includes  published  literature,  confer¬ 
ence  presentations,  vendor  literature  and  interviews,  and  consultations  with 
CH2M  HILL  experts  (see  Works  Cited  section).  The  first  step  for  implementation  of 
this  technology  should  be  a  detailed  review  of  case  studies  of  actual  applications  of 
the  technology  and  of  McQellan  AFB  subsurface  characterization  data.  The  intent  of 
this  review  would  be  to  evaluate  the  feasibility  and  potential  effectiveness  of  SVE/ 
sparging  at  the  Base  and  to  identify  appropriate  location(s)  for  implementation.  If 
the  existing  site  characterization  data  are  not  entirely  sufficient  to  determine  imple¬ 
mentation  locations,  collection  of  additional  field  data,  such  as  soil  boring  data  and/or 
soil  gas  measurements  may  be  needed. 

Implementation  Issues 

•  The  SVE  offgas  would  have  to  be  treated  to  reduce  VOC  concentrations  to 
levels  compatible  with  the  Basewide  air  emissions  permit. 

•  Environmental  Improvement  Technologies  (Billings  and  Associates, 
Albuquerque,  New  Mexico)  has  been  awarded  a  patent  that  covers  the  broad 
application  of  air  sparging.  The  applicability  of  the  patent  to  implementation 
of  SVE/sparging  at  the  Base  would  need  to  be  investigated. 

•  The  potential  for  lateral  migration  of  contaminants  resulting  firom  horizontal 
channeling  of  injected  air  would  have  to  be  minimized  through  proper  location 
selection  and  system  design  and  operation.  Control  of  any  horizontal  migra¬ 
tion  would  be  demonstrated  during  startup  of  system  operation. 

Bench-Scale  Testing 

No  bench-scale  testing  is  needed  for  the  implementation  of  SVE/sparging  at 
McQeUan  AFB. 
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Table  L5-1 
SVE/Air  Sparging 
Information  Needs  and  Sources 


Information  Needs 


Contaminant  Characteristics 

•  Contaminant  Types 

•  Soil  Gas  Concentrations 

•  Aqueous  Concentrations 

•  Treatment  Requirements 


Subsurface  Characterization 

•  Soil  Typ^  Stratigraphy 

•  Air  Permeability 

•  Groundwater  Behavior 

•  Water  Chetnistiy  Parameters 


System  Design 

•  Number  and  Location  of  Wells 

•  Well  Configuration  (Diameters  and  Screened  Depth) 

•  Injection/Extraction  Flow  Rates  and  Pressures 

•  Offgas  Treatmoit  Requirements 

•  Piping  and  Control  Systems 

•  Permitting  Requirements 

•  Patent  Requirements 


Performance  Capabilities 

•  Mass  Removal  Rates 

•  Monitoring  (Sampling  and  Analysis  Requirements) 

•  Response  to  Waste  Stream  Variability 


Operations  &  Mainteiumce 

•  Utility  Cormections/Installation  Requirements 

•  Preventative  Maintmance  Requirements 

•  Safety 


Project  Scale 


Notes: 


L  =  Literature/Experts 

O  =  Other  Technology  Evaluations,  Modeling 
P  =  Pilot  Scale 
S  =  Sampling  Results 
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Pilot'Scale  Testing 
Objectives 

•  Determine  air  permeability  of  vadose  zone  soils  and  evaluate  heterogeneities 
in  the  saturated  and  unsaturated  zones  in  the  target  area. 

•  Determine  mass  removal  rates  for  each  contaminant  by  SVE,  and  the  net 
increase  in  the  removal  rate  by  sparging. 

•  Establish  a  radius  of  influence  for  the  sparging  and  vapor  extraction  wells  at 
varying  flow  rates  and  pressures. 

•  Provide  a  basis  for  the  determination  of  number  and  location  of  wells. 

•  Determine  the  offgas  characteristics  in  order  to  identify  offgas  treatment  sys¬ 
tem  details. 

•  Develop  design  and  operating  criteria  for  aboveground  equipment  for  a  full- 
scale  system. 

•  Evaluate  the  efficacy  of  sparging  at  >  100-foot  bgs  depth  and  assess  opera¬ 
tional  problems  associated  with  depth. 

Approach 

Pilot-scale  testing  would  involve  the  installation  of  one  or  more  extraction  and 
sparging  wells  that  would  be  used  to  develop  design  and  operation  parameters  neces¬ 
sary  for  full-scale  implementation.  The  specific  objectives  and  approach  of  the  pilot¬ 
testing  program  would  be  refined  and  detailed  following  additional  information  gath¬ 
ering  and  review.  The  general  approach  to  pilot-scale  testing  is  outlined  below. 

An  economical  location  for  conducting  a  SVE/sparging  test  would  be  Site  S  in  OU  D. 
Significant  cost  savings  could  be  achieved  because  vapor  extraction  wells/equipment, 
piezometers,  and  an  offgas  treatment  system  are  installed  and  operational.  Also,  site 
characterization,  air  permeability,  and  SVE  performance  data  exists  for  that  location. 
New  equipment  required  for  the  SVE/sparging  pilot  test  would  be  limited  to  one  or 
more  injection  wells  and  associated  aboveground  compressors  for  air  injection. 

1.  Confirm  appropriateness  of  Site  S  for  SVE/sparging  pilot  test. 

2.  Prepare  system  installation  and  operation  workplan. 

3.  Estimate  required  sparging  pressure  based  on  soil  permeability,  depth 
below  groundwater  table,  and  expected  fiiction  loses. 
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4.  Install  one  or  more  injection  wells. 

5.  With  the  extraction  wells  at  equilibrium,  begin  air  injection  at  a  target 
pressure. 

6.  Operate  the  system  until  pressure  at  piezometers  and  offgas  contami¬ 
nant  concentrations  stabilize. 

7.  Operate  the  system  at  different  pressures  and/or  flow  rates,  and  evalu¬ 
ate  effects  of  intermittent  blowers  and  compressors. 

8.  Analyze  data  to  evaluate  performance,  incremental  contaminant 
removal  due  to  sparging,  and  potential  benefit  of  the  SVE/sparging 
technology  to  the  overall  groundwater  remediation  program. 

9.  Decide  whether  to  proceed  with  implementation  at  full-scale. 

Full'Scale  Implementation 

Pilot-scale  results  are  necessary  to  complete  a  full-scale  system  design.  However,  an 
example  conceptual  design  is  outlined  below  to  illustrate  the  major  elements  of  a  full- 
scale  system  and  to  provide  a  basis  for  a  rough  order-of-magnitude  cost  estimate. 
Rather  than  developing  a  conceptual  design  for  a  particular  location,  a  modular 
approach  was  used  to  develop  an  estimated  range  of  costs  per  unit  acre  for  full-scale 
implementation. 

The  example  conceptual  design  is  based  on  the  following  key  assumptions: 

•  Each  module  consists  of  four  vertical  extraction  and  four  vertical 
sparging  wells  piped  to  a  skid  containing  an  air/water  separator,  contin¬ 
uous-duty  vacuum  blower,  oil-free  air  compressor,  and  piping  connec¬ 
tions  to  the  offgas  and  groundwater  treatment  systems.  A  process  sche¬ 
matic  is  provided  in  Figure  L5-2.  A  conceptual  layout  of  modules  at  a 
hypothetical  hotspot  is  depicted  in  Figure  LS-3. 

•  The  spacing  of  the  extraction  wells  varies  from  40  to  70  feet  on  center, 
based  on  initial  estimates  of  radius  of  influence.  This  range  is  based  on: 

A  soil  permeability  of  0.1  to  1.0  darcy 

An  extraction  vacuum  applied  to  the  subsurface  of  40  inches  of 

HP 

•  Approximate  coverage  by  one  module  ranges  from  6,400  ft^  (6.8 
modules/acre)  to  19,600  ft^  (2.2  modules/acre),  depending  on  well 
spacing. 
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•  Approximate  ranges  of  flows  from  each  module  are  10  to  100  cfm. 

•  For  every  10  extraction  and  injection  wells  there  will  be  1  groundwater 
monitoring  well. 

•  Offgas  treatment  is  localized  at  the  hotspot,  and  shared  by  all  modules. 

•  Sparging  flow  rates  are  5  to  50  cfm  per  module  at  an  injection  pressure 
of  10  to  15  psi. 


Technology  Limitations  and  Uncertainties 

The  critical  limitations  and  uncertainties  of  technology  implementation  are  '  d 
below. 

•  The  extent  to  which  subsurface  heterogeneities  will  decrease  the  effec¬ 
tiveness  of  sparging  or  will  lead  to  uncontrolled  lateral  movement  of 
contaminants  carmot  be  verified  until  the  full-scale  system  begins  opera¬ 
tion. 

•  Researchers  have  observed  that  air  sparging  may  create  relatively  few, 
small,  widely  spaced,  and  stationary  air  channels  in  the  saturated  zone. 
Under  these  conditions  mass  transfer  requirements  may  significantly 
limit  contaminant  removal,  particularly  from  the  saturated  zone 
(Johnson,  1993). 

•  Low  soil  permeabilities  (<0.1  darcy)  can  significantly  reduce  the  radius 
of  influence  of  extraction  and  sparging  wells.  Because  the  number  of 
wells  required  to  treat  a  given  area  increases  as  the  radius  of  influence 
decreases,  technology  application  in  areas  of  relatively  low  permeability 
will  result  in  significantly  higher  costs,  and  may  decrease  or  eliminate 
the  cost  benefits  of  implementation. 

•  There  is  limited  previous  experience  with  sparging  at  depths  >  100  feet, 
but  no  theoretical  limitations  prevent  deep  applications.  This  lack  of 
deep  application  experience  creates  the  need  for  more  extensive  moni¬ 
toring  than  that  typically  employed  for  near-surface  applications,  espe¬ 
cially  during  pilot-scale  testing. 

•  Verification  of  acceptable  site  characteristics  (such  as  air  permeability, 
subsurface  heterogeneities,  and  contaminant  distribution)  at  target  hot 
spots  is  required  prior  to  technology  implementation. 
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Schedule 


A  possible  implementation  schedule  is  shown  in  Figure  LS-4. 


Cost 

This  section  presents  an  estimated  range  for  order-of-magnitude  implementation  costs 
based  on  the  conceptual  design.  Implementation  costs  include  costs  associated  with: 
ongoing  literature  review,  pilot-scale  testing,  and  full-scale  capital  expenses  and 
annual  operations  and  maintenance.  The  scope  of  each  of  these  cost-related  activities 
is  summarized  below: 

•  Literature  Review.  Technology  researchers  are  likely  to  further  develop 
the  technology  such  that  enhancements  (optimization)  and  limitations 
will  be  better  understood.  The  decision  to  proceed  with  further  imple¬ 
mentation  of  SVE/sparging  requires  ongoing  assessment  and  review  of 
these  research  results.  While  this  activity  is  not  a  significant  cost  factor 
of  implementation,  it  is  an  important  implementation  activity. 

•  Pilot-Scale  Testing.  This  activity  includes  costs  associated  with  scope 
and  workplan  development,  contract  procurement,  equipment  procure¬ 
ment,  system  installation,  system  operation,  demobiliration,  sampling 
and  analysis  (system  monitoring),  evaluation  of  system  performance,  and 
reporting. 

•  Full-Scale  Capital.  Capital  costs  are  direct  and  indirect  costs  required 
to  initiate  and  install  the  technology  system  components,  including  (but 
not  limited  to)  engineering  design,  mobilization  and  demobilization  of 
equipment  and  people,  site  construction  (i.e.,  weU  installation)  activities, 
contractor  bonding  and  insurance,  equipment  procurement  and  installa¬ 
tion,  licensing  and  permitting,  health  and  safety,  and  supervision  during 
construction. 

•  Full-Scale  Operation  and  Maintenance.  Operation  and  maintenance 
(O&M)  costs  represent  those  costs  which  would  be  incurred  during  each 
year  of  operation  from  initial  startup  to  final  shutdown  of  the  full-scale 
system.  O&M  costs  include  operation  and  maintenance  labor,  power, 
sampling  and  analysis,  and  residual  waste  stream  treatment.  Since 
annual  O&M  costs  occur  over  a  period  of  years,  future  costs  have  been 
discounted  to  the  present  year’s  equivalent  value  (i.e.,  the  present  value 
cost)  using  5  percent  interest,  so  that  annual  costs  remain  comparable. 
Actual  annual  costs  are  likely  to  be  much  higher  during  the  first  year(s) 
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of  operation  as  the  system  is  commissioned  and  optimized  for  opera¬ 
tion,  and  due  to  higher  chemical  usage  rates  and  associated  labor 
required  for  treating  higher  initial  concentrations.  Therefore,  the 
annual  costs  are  intended  to  represent  the  anticipated  average  yearly 
cost  of  operation  over  the  life  of  the  system. 

A  contingency  of  30  percent  has  been  applied  to  the  full-scale  implementation  cost  to 
account  for  possible  project  cost  increases  due  to  scope  and  bid  variations  that  typi¬ 
cally  occur  with  hazardous  waste  remediation  projects.  These  increases  are  typically 
caused  by  the  changes  which  normally  occur  as  part  of  final  design  and  implementa¬ 
tion,  based  on  observation  of  actual  field  conditions/contamination,  and  factors  which 
affect  the  cost  of  subcontracted  services,  such  as  labor  and  material  shortages.  Not 
included  in  the  estimates  are  any  agency  or  Air  Force  administrative  costs,  nor  any 
costs  associated  with  modifications  of  the  existing  groundwater  treatment  system(s). 

Typically,  order-of-magnitude  cost  estimates  for  general  construction  projects  are 
intended  to  reflect  an  accuracy  of  within  50  percent  greater  to  30  percent  less  than 
actual  costs.  The  estimates  summarized  below  are  expected  to  be  within  these 
ranges;  however,  there  is  greater  uncertainty  of  accuracy  as  a  result  of  the  lesser 
degree  of  development  associated  with  this  innovative  technology  compared  to  gener¬ 
al  construction  technologies.  Current  pricing  data  based  on  quoted  equipment  costs, 
construction  cost  data  (e.g..  Means,  1993),  previous  local  project  experience,  and 
engineering  judgment  have  been  used  to  generate  the  estimates,  using  adjustments  for 
local  McQeUan  AFB  costs  when  available.  Final  project  costs  will  depend  on  actual 
labor  and  material  costs,  actual  site  conditions  at  the  time  of  implementation,  produc¬ 
tivity,  competitive  market  conditions,  final  project  scope  and  schedule,  contractors 
selected  to  perform  activities,  and  many  other  variables.  As  a  result,  the  final  project 
costs  will  differ  fi'om  the  exact  value  of  any  estimates  presented  here. 

The  following  order-of-magnitude  implementation  costs  are  estimated  for 
SVE/sparging: 

•  Literature  review  will  require  approximately  $12,000  over  a  period  of 
one  year. 

•  Pilot-scale  testing  is  estimated  to  cost  approximately  $135,000  if  con¬ 
ducted  using  the  existing  SVE  pilot  system  at  Site  S  in  OU  D. 

Full-scale  implementation  costs  on  a  per  acre  basis  are  summarized  in  Table  L5-2. 
The  estimated  costs  for  construction  and  operation  of  a  fuU-scale  system  range  fi^om 
approximately  $2M/acre  (for  70-foot  well  spacing  and  3  years’  operation)  to 
$10.6M/acre  (for  40-foot  well  spacing  and  8  years’  operation).  Key  assumptions  asso¬ 
ciated  with  the  implementation  cost  estimate,  in  ad^tion  to  those  previously 
described,  include: 
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•  Full-scale  costs  are  reported  on  a  per  acre  basis;  costs  were  estimated 
using  a  system  comprised  for  a  five-module  (20  extraction  wells)  system 
and  converted  to  per  acre  costs. 

•  Nine  man-daysAvell  plus  drilling  costs  are  needed  to  install  wells  and 
piezometer  nests.  This  includes  drilling,  well  completion  and  develop¬ 
ment,  and  surface  plumbing. 

•  Offgas  treatment  cost  is  $5/lb  VOCs,  and  is  a  significant  O&M  cost 
factor. 

•  Each  module  contains  500  feet  of  PVC  pipe, 

•  Contaminants  are  removed  at  an  average  rate  of  SO  Ibs/day  per  module 
over  the  operational  period  of  the  system. 

•  System  operational  time  is  assumed  50  percent,  or  4,380  hours/yearAvell. 

•  System  monitoring  includes  45  man-days  per  year  for  system  operation 
and  maintenance,  and  the  collection  of  five  samples  per  module  for 
laboratory  analysis,  quarterly. 
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TaUeLS-2 

SVE/Sp«rgiiig 

OrdcTHif-Maciiitude  Imptcmcntation  Cost  Summary 

Range  of  Costs  ($/acre)  { 

Actinty 

Low* 

Low  - 

IntcrmeiBate^ 

Intermediate 
•  High' 

High* 

Full-Scale  Capital 

920,000 

920,000 

2,8S0,000 

Full-Scale  O&M 
(Present  Worth  for  All 

Years) 

1,060,000 

■i 

3,290,000 

Full-Scale  Implementatioa 

Cost 

1,980,000 

3,440,000 

6,140,000 

10,650,000 

Notes: 

‘Based  on  70  feet  well  spacing  and  3  years  of  operation. 

^Based  on  70  feet  well  spacing  and  8  years  of  operation. 

‘Based  on  40  feet  well  qMu:ing  and  3  years  of  operation. 

^Based  on  40  feet  well  spacing  and  8  years  of  operation. 

1  Other  significant  assumptioas  include: 

-  $5/lb  VOCs  offgas  treatmoit  cost 

-  SO  Ibs/day  per  riMdule  average  removal  rate 

-  SO  percoit  system  on-time  (to  allow  for  cyclical  operation) 

-  Atmual  saiqiling  and  analysis,  and  performance  evaluations  included  in  operational  cost 

-  30  percoit  contingency  factor  applied 
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PREPARED  FOR:  McClellan  Air  Force  Base 

DATE:  November  7,  1993 

SUBJECT:  Electron  Beam  Treatment  Implementation  Plan 

Groundwater  OU  RI/FS  Report 
Debvery  Order  No.  5066 

PROJECT:  SAC28722.66.NT 


Technology  Overview 

Description 

Electron  Beam  (E-Beam)  Treatment  is  a  developing  technology  that  can  be  used  to 
treat  either  liquid  waste  streams,  such  as  contaminated  groundwater,  or  gaseous  waste 
streams.  This  Implementation  Plan  has  been  developed  for  groundwater  treatment 
applications. 

Electron  Beam  Treatment  is  an  innovative  advanced  oxidation  process  (AOP)  that 
can  destroy  organic  compounds  in  aqueous  solution.  Known  generally  as  High 
Energy  Electron  Irradiation,  the  process  involves  the  irradiation  of  a  thin  aqueous 
stream  with  high-energy  electrons.  This  results  in  the  formation  of  highly  reactive, 
short-lived  chemical  species.  These  transient  reactive  species  initiate  chemical  reac¬ 
tions  with  dissolved  organic  compoimds.  In  most  cases  these  compounds  are  oxidized 
to  carbon  dioxide,  water,  and  inorganic  species,  although  organic  byproducts  of  trans¬ 
formation  can  also  be  formed  (EPA  SITE,  1992). 

High  energy  electron  accelerators  have  been  used  for  years  in  industry  for  the  cross- 
linking  of  polyethylene,  the  polymerization  of  lubricants,  and  the  vulcanization  of 
rubber  (Nickelsen  et  al.,  19%).  Electron  accelerators  function  by  using  a  current  to 
produce  a  stream  of  electrons  which  are  accelerated  by  applying  an  electric  field 
generated  at  a  given  voltage.  The  number  of  electrons  generated  per  unit  time  is 
proportional  to  the  beam  current  and  thus  the  beam  power.  The  amount  of  energy 
from  the  beam  that  is  absorbed  by  an  irradiated  material  per  unit  time  is  called  dose. 
The  absorbed  dose  depends  on  the  type  and  thickness  of  the  material,  the  beam 
power,  and  the  length  of  time  the  material  is  exposed  to  the  electron  beam 
(Westinghouse,  1993).  The  dose  is  determined  by  measuring  the  temperature 
increase  of  the  aqueous  stream  as  a  result  of  beam  contact. 

In  aU  E-Beam  accelerators,  electrons  are  formed  in  a  high  vacuum  by  thermal  emis¬ 
sion  from  a  hot  surface,  usually  a  tungsten  filament  or  oxide  coated  surface.  The 
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electrons  are  focused  into  a  beam  and  accelerated  through  a  DC  voltage  potential, 
typically  300  kV  to  5  MV.  In  E-Beam  treatment,  a  liquid  waste  stream  either  passes 
through  0  slit  or  flows  over  a  weir  that  forms  a  continuous  sheet  of  liquid  that  is 
directed  across  a  window,  as  shown  in  Figure  L6-1.  The  flow  over  the  window  is 
intended  to  maintain  a  uniform  thickness  of  the  liquid. 

The  irradiation  of  aqueous  streams  by  an  electron  beam  results  in  the  formation  of 
highly  energized  species,  the  most  reactive  of  which  are  aqueous  electrons  (CaJ 
hydrogen  radicals  (H«)  and  hydroxyl  radicals  (OH»)  (Nickelsen  et  al.,  1992).  ^ese 
species  are  short-lived  as  they  either  quickly  recombine  or  transfer  their  energy  into 
other  compounds  present  in  solution.  The  subsequent  mechanisms  of  reaction  with 
hazardous  compounds,  such  as  chlorinated  and  nonchlorinated  hydrocarbons,  are 
understood  to  be  similar  to  those  of  other  AOPs;  however,  the  proportions  of  the 
individual  reactive  species  generated  by  E-Beam  differ  significantly  firom  other  AOPs, 
which  may  result  in  increased  effectiveness  for  chlorinated  hydrocarbons. 

The  treatment  efficiency  of  the  process  is  related  to  three  major  parameters;  con¬ 
taminant  concentrations,  irradiation  dose,  and  water  quality.  Nickelsen  et  al.  (1992) 
repon  that  experimental  data  collected  during  the  irradiation  of  potable  water  and 
wastewater  containing  BTEX  compoimds  indicate  that  solute  destruction  is  first  order 
with  respect  to  dose.  Water  chemistry  can  seriously  affect  removal  efficiencies  due  to 
both  scavenging  effects  and  the  formation  of  by-products.  The  presence  of  scavengers 
in  the  aqueous  treatment  stream  causes  the  reactive  species  to  be  consumed  before 
initiating  the  desired  destruction  reactions.  Principal  scavengers  include  dissolved 
oxygen,  bicarbonate/carbonate,  nitrate,  and  dissolved  organic  carbon. 

Development  Status 

•  The  technology  has  been  in  existence  for  30  years  for  applications  such  as 
sterilization  of  medical  supplies,  disinfection  of  wastewater,  and  food  preserva¬ 
tion. 

•  A  full-scale  plant  (120  gpm)  is  in  operation  at  the  Miami-Dade  Central  Water 
District  wastewater  treatment  Plant  in  Miami,  Florida.  It  is  known  as  the  Elec¬ 
tron  Beam  Research  Facility  (EBRF),  and  can  be  used  for  pilot  testing  (but 
requires  a  tanker  truck  volume  of  the  sample  to  be  tested). 

•  Two  technology  vendors  have  been  identified:  High  Voltage  Environmental 
Applications  (HVEA)  and  Raychem  Corporation.  Each  has  mobile  units 
under  construction.  Raychem  appears  to  be  further  along  in  equipment  devel¬ 
opment,  though  HVEA,  which  is  associated  with  the  EBRF,  appears  to  have 
further  developed  E-Beam  theory.  (Zappit  Technolo^  has  developed  an  E- 
Beam  system  for  treating  contaminated  gas  streams,  but  not  liquid  waste 
steams.) 
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•  An  EPA  SITE  demonstration  is  planned  for  early  next  year  at  Savannah  River 
by  HVEA,  although  it  has  not  been  determined  whether  the  project  will 
involve  treatment  of  chlorinated  organics  or  benzene  contaminated  ground- 
water. 

•  Bench-scale  testing  of  chlorinated  VOCs  has  been  performed  by  vendors. 


Potential  Benefits 

This  section  describes  the  performance,  advantages  and  disadvantages,  and  cost  bene¬ 
fits  associated  with  E-Beam  treatment  of  extracted  groundwater.  This  information  is 
intended  to  provide  a  basis  for  evaluating  the  potential  benefits  of  implementing  this 
technology  at  the  Base  as  an  innovative  alternative  to  standard  grormdwater  treat¬ 
ment  processes,  such  as  aqueous  phase  carbon  adsorption,  air  stripping,  and  conven¬ 
tional  AOPs  (e.g.,  UV/peroxide,  UV/ozone,  ozone/peroxide  oxidation). 

General  Performance 

Effectiveness 

•  E-Beam  technology  vendors  report  that  the  technology  can  achieve  95  to 

99  percent  destruction  efficiency  of  halogenated  and  nonhalogenated  organics 
in  treatment  of  single  contaminant  liquid  streams. 

•  Data  reviewed  on  treatment  of  multiple-contaminant  streams  indicates  that  the 
technology  is  capable  of  achieving  effective  removal  of  certain  chlorinated 
aliphatic  hydrocarbons  (CAHs)  and  chlorinated  and  nonchlorinated  aromatic 
compounds,  but  high  treatment  efficiencies  were  not  always  achieved. 

•  E-Beam  treatment  is  capable  of  treating  amenable  contaminants  to  low  fig/l 
levels. 

Robustness 

•  E-Beam  treatment  efficiency  appears  to  vary  considerably  for  different  com¬ 
pounds.  The  process  is  capable  of  achieving  effective  treatment  of  chlorinated 
ethenes  (including  TCE  and  PCE)  and  trihalomethanes,  whereas  chlorinated 
ethanes  (such  as  1,1,1-TCA  and  1,1-DCA)  are  less  effectively  treated. 

•  The  E-Beam  technology  does  not  treat  ketones  effectively. 

•  The  E-Beam  system  can  potentially  handle  a  range  of  flows  and  concentrations 
by  adjusting  dose  and  via  the  use  of  modular  units. 
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•  High  concentrations  of  scavengers  (alkalinity,  dissolved  oxygen,  or  dissolved 
organic  carbon)  in  the  liquid  stream  increases  the  dose  required  to  achieve  a 
given  level  of  treatment. 

Potential  Risk  Reduction 

It  is  difBcult  to  quantify  risk  reduction  provided  by  E-Beam  treatment  because  the 
potential  benefit  of  the  technology  is  associated  with  its  potential  to  reduce  contami¬ 
nant  mass  in  extracted  groimdwater  more  economically  than  standard  treatment  tech¬ 
nologies.  E-Beam  treatment  will  not  provide  more  extensive  treatment  than  standard 
technologies,  but  it  would  reduce  contaminant  levels  compared  to  no  treatment. 
Because  it  is  a  destruction  technology,  E-Beam  treatment  causes  a  reduction  in  con¬ 
taminant  mass  compared  to  nondestructive  technologies  that  transfer  contaminants  to 
another  phase. 

Advantages  Compared  to  Other  Technologies 

•  Destructive  technology  with  no  residual  streams  (other  than  possible  reaction 
by-products  in  the  effluent). 

•  Nonselective  treatment  may  be  effective  for  at  least  simple  mixtures  of  com- 
poimds. 

•  Technology  expected  to  be  robust  with  respect  to  changing  flows  and  concen¬ 
trations. 

Disadvantages  Compared  to  Other  Technologies 

•  Operation  may  have  high  energy  requirements. 

•  Not  yet  demonstrated  at  the  pilot-scale  level  for  chlorinated  aliphatic  hydro¬ 
carbons. 


•  Treatment  effectiveness  varies  considerably  between  contaminant  types. 
Chlorinated  alkanes  and  ketones  may  not  be  effectively  treated. 

•  Residual  by-products  include  formaldehydes,  formic  acid,  ozone. 

•  May  not  achieve  treatment  requirements  without  using  very  high  doses  result¬ 
ing  in  relatively  high  operating  costs. 


Relative  Cost  Benefit 


The  cost  benefit  of  E>Beam  treatment  would  result  fi^om  its  use  in  place  of  a  more 
costly  ex  situ  groundwater  treatment  technology  or  through  its  use  in  combination 
with  other  technologies  reducing  overall  treatment  costs.  Cost  benefits  should  be 
evaluated  on  the  basis  of  $/gallon  of  groundwater  treated  to  a  given  quality. 


Potential  Locations 

The  potential  application  locations  (uses)  are  the  treatment  of  extracted  groundwater 
at  the  groundwater  treatment  systems  associated  with  pump-and-treat  operations  at 
the  Base. 


Approach 


Information  Needs  and  Sources 

Table  L6-1  summarizes  information  needs  and  sources  for  implementation  of  E-Beam 
treatment. 

Information  Gathering  and  Review 

Technology  information  reviewed  to  date  includes  published  literature,  vendor  infor¬ 
mation  and  data,  and  vendor  interviews.  Also,  Westinghouse  staff  were  interviewed 
about  the  planned  E-Beam  demonstration  project  at  the  DOE  Savannah  River  site. 
New  information  should  be  reviewed  as  it  becomes  available,  especially  the  results  of 
the  Savannah  River  demonstration. 

Implementation  Issues 

•  A  major  implementation  constraint  at  the  present  is  the  unavaUability  of  pilot- 
and  full-scale  equipment.  Pilot  units  are  reportedly  being  constructed  by  both 
equipment  vendors,  but  there  is  only  one  fidl-scale  system  in  existence.  For 
this  reason,  it  is  difficult  or  impossible  to  anticipate  implementation  factors, 
such  as  scale-up  problems,  full-scale  equipment  durability  and  treatment  reli¬ 
ability,  long-term  treatment  performance,  and  full-scale  capital  and  operating 
costs. 

•  The  ability  of  E-Beam  systems  to  treat  all  of  the  contaminants  requiring  reduc¬ 
tion  through  treatment  in  the  complex  mixtures  of  contaminants  found  in  Base 
grotmdwater  is  unproven.  Thus  the  feasibility  of  implementing  E-Beam  treat¬ 
ment  at  McQellan  AFB  cannot  currently  be  determined. 
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Table  U-l 

Eledroa  Hem  Treatment 
Informatioa  Reqpiiremcttts  and  Sources 


Info  Source 


Inforaution  Needed 
for  Pilot  and  FUl-Scale  Tests 


Feed  Stream  Characteristics: 

•  Flow 

•  Contaminant  types 

a  Contaminant  COOCeotTStions 

•  Treatment  goab 

•  Alkalinity,  dissolved  orgsnic  carbon 

•  Flow/Concentration  variability 


System  Design:  Physical  Configuratitm 

•  Unit  Size 

•  Residence  Time 

•  Concrete  pad  requirement 


System  Design:  Equipment  Requirements 

•  O  &  M  Requirements 

•  Power  Requirements 

•  Utility  connections 


Performance  Oqiabilities 

•  Destruction  Removal  Efficiencies 

•  Response  to  Feed  Stream  Variability 

•  Monitoring  (Sanqtling  and  Analysis 
Requirements) 

•  Electron  Dosage  Requirements 

•  Byproduct  Formation 


Bench  Pilot  Full 


Source  Notes: 

L  s  Literature/Experts 
B  =  Botch  Scale 
P  =  Pilot  Scale 
S  =  Sampling  Results 
V  =  Vendor 
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•  Use  of  the  E-Beam  technology  for  treatment  and  discharge  of  extracted 

groundwater  at  the  Base  would  require  compliance  with  applicable  permits  (as 

is  the  case  for  any  groundwater  treatment  system). 

•  Patents  are  pending  for  modifications  to  industrial  electron  beam  systems. 

Application  of  this  technology  would  require  purchase  or  lease  of  proprietary 

equipment. 

Bench  Scale  Testing 
Objectives 

Bench-scale  testing  would  be  conducted  to  address  the  following  objectives: 

•  Determine  if  the  technology  can  effectively  treat  the  pertinent  contami¬ 
nants  in  complex  mixtures  characteristic  of  Base  groundwater. 

•  Determine  achievable  contaminant  reduction  efficiencies  and  required 
dosages. 

•  Evaluate  appropriate  operating  parameters  such  as  electron  beam 
dosage  and  additive  requirements. 

•  Identify  and  quantify  by-products  formation  diuing  treatment. 

•  Assess  the  effects  of  scavengers  present  in  Base  groundwater. 

Approach 

Laboratoiy  tests  would  be  required  prior  to  proceeding  with  a  pilot  test.  Bench  scale 

testing  procedures  are  outlined  below. 

•  At  least  three  2-gallon  groundwater  samples  would  be  collected  firom 
different  locations  on  the  Base  and  shipped  to  a  vendor  for  evaluation. 
The  groundwater  samples  would  be  selected  to  contain  different  con¬ 
taminant  mixtures  and  different  concentrations  of  potential  oxidant 
scavengers.  Aliquots  of  the  samples  would  be  transferred  to  a  series  of 
vials,  which  would  receive  electron  injection  at  various  doses  and  then 
be  analyzed  to  evaluate  treatment  efficiencies  and  by-product  formation. 

•  Once  the  optimal  electron  beam  dose  has  been  established  based  on 
the  initial  tests,  new  sample  aliquots  would  be  retreated  at  that  dose 
and  submitted  to  an  EPA-approved  laboratoiy  for  confirmation  of  initial 
test  results. 
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•  Tests  would  be  repeated  with  additives  if  appropriate  (e.g.,  if  initial 
treatment  efficiencies  were  unsatisfactory). 

•  Determine  if  the  treatment  performance  achieved  justifies  processing 
with  pilot-scale  testing. 

Pilot-Scale  Testing 

Objectives 

Pilot-scale  testing  would  be  conducted  to  address  the  following  objectives: 

•  Determine  the  achievable  reduction  efficiencies  for  individual  contami¬ 
nants  and  for  total  VOCs. 

•  Evaluate  full-scale  system  design  and  operating  parameters  such  as  unit 
size,  configuration,  equipment  requirements,  and  dose  and  power 
requirements. 

•  Demonstrate  the  efficacy  and  reliability  of  electron  beam  technology. 

•  Evaluate  the  ability  of  the  technology  to  handle  variations  in  feed 
stream  characteristics. 

•  Evaluate  residual  concentrations  of  by-products  formed  during  treat¬ 
ment  and  the  need  for  polishing  treatment. 

•  Evaluate  the  potential  for  coating  or  wear  on  the  treatment  window. 

•  Demonstrate  system  remote/automatic  operation  capability. 

•  Develop  a  basis  for  estimating  fuU-scale  costs. 

Approach 

Pilot  testing  should  be  conducted  onsite  at  the  Base  if  possible.  HVEA’s  mobile  pilot 
unit  is  presently  under  construction.  It  will  contain  a  2S-kW  electron  beam  and  have 
a  flow  capacity  of  up  to  40  gpm.  Raychem’s  mobile  trailer  unit  is  also  imder  con¬ 
struction,  though  a  prototype  currently  exists.  Consequently,  the  availability  of  pilot 
testing  equipment  is  uncertain.  As  an  alternative,  a  5,000-  to  6,000-gallon  tanker 
could  be  shipped  to  Miami  to  be  treated  by  the  full-scale  EBRF,  although  this  option 
is  not  recommended. 

Pilot-scale  testing  using  Base  groundwater  would  be  necessary  to  rigorously  evaluate 
technology  feasibility  and  to  develop  design  and  operating  parameters.  The  specific 
objectives  and  approach  of  the  pilot  testing  program  would  be  refined  and  detailed 
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following  the  information  gathering  and  review  and  bench-scale  testing  tasks.  The 
general  pilot  testing  approach  would  include  the  following  components. 

•  Select  an  appropriate  extracted  groundwater  stream  for  testing  E-Beam 
treatment.  A  slip  stream  from  an  existing  pump-and-treat  operation 
would  likely  be  used. 

•  Develop  pilot  testing  workplan. 

•  Prepare  site  and  bring  vendor  system  online. 

•  Operate  E-Beam  treatment  system  under  the  selected  conditions. 

•  Analyze  data  to  evaluate  performance  and  evaluate  potential  benefits  of 
implementing  E-Beam  treatment  at  the  Base. 

•  Decide  whether  to  proceed  with  implementation  at  full  scale. 

Full-Scale  Conceptual  Design 

Because  full-scale  systems  have  not  yet  been  built,  an  understanding  of  the  full-scale 
implementation  is  very  conceptual  in  nature.  Treatment  units  may  either  be  designed 
and  constructed  to  meet  the  needs  of  a  particular  application,  or  may  be  modular 
systems  connected  in  series  and  parallel  to  meet  treatment  objectives.  Figure  L6-2 
illustrates  how  electron  beam  treatment  technology  may  fit  into  a  full-scale  ground- 
water  pump-and-treat  system. 

Full-scale  application  of  electron  beam  treatment  would  involve  the  foUowing  major 
components: 


A  pad  of  sufficient  size  to  contain  modular  unit(s)  and  control  equip¬ 
ment 

Power,  cooling  water,  and  telephone  connections 

Plumbing  connections  to  the  groundwater  treatment  train 

A  polishing  treatment  system  to  remove  formaldehyde  and  other  resid¬ 
ual  byproducts 


Technology  Limitations  and  Uncertainties 

As  a  developing  technology,  E-Beam  performance  characteristics  and  operational 
difficulties  have  not  been  weU  defined.  In  addition,  there  are  a  number  of  uncertain¬ 
ties  that  affect  the  implementation  of  this  technology. 
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•  Full-scale  units  for  commercial  applications  have  not  yet  been  construc¬ 
ted.  The  scale-up  effects  associated  with  full-scale  units  from  bench- 
scale  systems  are  unknown. 

•  The  ability  of  E-Beam  to  achieve  required  contaminant  reductions  for  a 
complex  mixture  of  chlorinated  solvents  and  nonchlorinated  organics 
has  not  been  demonstrated.  Antagonistic  effects  may  result  in  high 
irradiation  dose  requirements. 

•  The  dose  required  to  achieve  target  contaminant  reduction  efficiencies 
may  not  be  economically  feasible. 

•  The  long-term  operational  durability  of  a  full-scale  system  is  unknown. 

•  Chemical  additives  (e.g.,  H^Oj)  may  be  needed  to  achieve  target  treat¬ 
ment  efficiencies,  resulting  in  Mgher  operating  cost. 

•  The  formation  of  reaction  by-products  may  require  polishing  treatment. 

•  The  presence  of  scavengers  (e.g.,  alkalinity,  dissolved  oxygen,  and 
organic  carbon)  may  require  pretreatment  to  enhance  E-Beam  effec¬ 
tiveness. 


Schedule 

An  implementation  schedule  is  provided  in  Figure  L6-3.  This  schedule  may  change 
because  equipment  is  unavailable.  This  technology  is  not  yet  sufficiently  developed  to 
identify  a  schedule  for  full-scale  implementation. 


Cost 

Bench-  and  pilot-scale  testing  costs  are  estimated  at  roughly  $50,000  and  $240,000, 
respectively.  Full-scale  implementation  costs  are  impossible  to  estimate  at  this  time 
because  the  required  equipment  is  not  commerciaUy  available. 


Works  Cited 
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TECHNICAL  MEMORANDUM  L7 


a&HHILL 


PREPARED  FOR:  McOeUan  Air  Force  Base 

DATE:  November  9,  1993 

SUBJECT:  Cometabolic  Biofiltration  Implementation  Plan 

Groundwater  OU  RI/FS  Report 
Delivery  Order  No.  5066 

PROJECT:  SAC28722.66.NT 


Technology  Overview 

Description 

Biofiltration  is  an  established  treatment  technology  for  the  removal  of  certain  organic 
and  inorganic  contaminants  fi'om  gas  streams.  Biofiltration  has  most  often  been  used 
to  remove  odor-causing  chemicals  from  offgas  streams,  such  as  gases  from  municipal 
wastewater  treatment  plants.  Recently,  biofiltration  has  been  employed  to  treat 
VOCs  in  industrial  offgas  streams.  These  applications  have  involved  compounds  that 
are  readily  biodegradable  by  aerobic  microorgamsms.  The  use  of  biofiltration  for  the 
treatment  of  vapor-phase  chdorinated  aliphatic  hydrocarbons  (CAHs)  is  a  developing 
technology. 

Many  important  CAHs,  including  TCE,  are  not  biodegradable  by  ordinary  aerobic 
microbial  metabolism;  however,  TCE  and  certain  other  CAHs  can  be  biodegraded  via 
cometabolism  under  aerobic  conditions.  Cometabolism  of  CAHs  is  a  process  in  which 
a  biodegradable  organic  substrate  induces  the  production  of  nonspecific  enzymes  by  a 
certain  group  of  microorganisms,  which  fortuitously  initiate  transformation  of  the 
CAH  molecule.  In  cometabolic  biofiltration,  a  primary  substrate  is  added  to  the  con¬ 
taminated  gas  stream  to  stimulate  cometabolism  of  CAHs.  Substrates  that  have  been 
most  commonly  used  in  studies  of  TCE  cometabolism  include  methane,  toluene,  and 
phenol. 

Biofiltration  is  a  general  term  that  encompasses  two  categories  of  biological  vapor- 
phase  treatment:  biofiltration  and  biotrickling  filter  (or  bioscrubber)  processes.  Both 
categories  function  by  the  same  general  principal.  The  two  processes  differ  primarily 
in  the  type  of  media  employed  and  the  mass  transfer  mechanisms  that  result.  In  both 
processes,  a  contaminated  gas  stream  is  passed  through  a  bed  of  biologicaUy  active 
media  where  contaminants  are  exchanged  to  the  aqueous  phase  and  biodegraded.  A 
schematic  of  biofiltration  is  shown  in  Figure  L7-1. 
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In  the  biofiltration  process,  microorganisms  are  immobilized  within  the  liquid  biofilm 
layer  on  a  porous  media  such  as  soil,  compost,  peat,  granular  activated  carbon,  or 
polyurethane  foam.  Contaminants  are  passed  into  the  bed  where  they  sorb  to  the 
media,  dissolve  into  the  liquid  biofilm  layer,  and  are  degraded  by  the  microbial  cul¬ 
ture.  Treatment  performance  depends  on  the  sorbability  and  biodegradability  of  the 
contaminants. 

The  biotrickling  filter  or  bioscrubber  approach  differs  primarily  in  the  type  of  media 
upon  which  the  microbial  mass  is  attached  (i.e.,  conventional  air  scrubber/stripper 
packing  material  instead  of  organic  media).  This  type  of  system  is  operated  with 
either  a  co-current  or  coimtercurrent  flow  of  an  aqueous  solution  providing  nutrients, 
buffering  capacity,  and  primary  substrate.  The  efficiency  of  this  type  of  system 
depends  greatly  on  the  extent  to  which  contaminants  can  be  transferred  to  the 
aqueous  phase  and  subsequently  degraded. 

The  control  of  temperature,  pH,  and  nutrients  is  critical  for  both  types  of  systems. 

For  organic  media  biofilters,  bed  moisture  content  is  also  a  critical  parameter. 

Development  Status 

Both  types  of  biofiltration  systems  are  receiving  considerable  attention  by  biofiltration 
vendors  and  university  researchers  for  the  degradation  of  chlorinated  organics. 
Research  groups  that  have  been  leading  the  investigation  of  biofiltration  for  CAHs 
include  Envirogen  (Lawrenceville,  New  Jersey),  the  EPA  Risk  Reduction  Engineering 
Laboratory  (in  cooperation  with  the  University  of  Cincinnati),  and  the  EPA  Environ¬ 
mental  Research  Laboratory  in  Gulf  Breeze,  Florida  (in  cooperation  with  the  Univer¬ 
sity  of  West  Florida).  Also  active  in  biofiltration  research  for  the  treatment  of  chlori¬ 
nated  hydrocarbons  are  EG&G  Biofiltration,  Idaho  Falls,  Idaho;  Remediation  Tech¬ 
nologies,  Inc.,  Seattle,  Washington;  and  Biotrol,  Inc.,  Chaska,  Minnesota. 

Cometabolic  biofiltration  for  the  removal  of  CAHs  is  currently  being  developed  at  the 
laboratory  scale.  Pilot-scale  systems  are  primarily  at  the  conceptual  design  stage. 

Most  of  the  present  research  efforts  are  focused  on  the  bioscrubbing  approach  to 
treatment  of  chlorinated  VOCs.  A  bench-scale  airlift  reactor  (which  operates  simi¬ 
larly  to  a  biotrickling  filter  without  any  media)  has  been  operated  by  Envirogen  and 
has  achieved  some  initial  success  for  the  removal  of  TCE.  However,  cometabolic 
biofiltration  systems  have  had  difficulty  treating  TCE  concentrations  greater  than 
about  25  ppmv  effectively  and  in  maintaining  consistently  high  treatment  efficiencies. 

A  field  demonstration  of  cometabolic  biofiltration  at  McQellan  AFB  is  reportedly 
scheduled  to  occur  in  July  of  1994  (Hoda,  1993). 


Potential  Benefits 

This  subsection  describes  the  performance,  advantages  and  disadvantages,  and  cost 
benefits  associated  with  biofiltration.  This  information  is  intended  to  provide  a  basis 
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for  evaluating  the  potential  benefits  of  implementing  this  technology  at  the  Base  as  an 
innovative  alternative  to  standard  offgas  treatment  technologies  such  as  vapor-phase 
carbon  adsorption  and  catalytic  and  thermal  oxidation. 

General  Performance 

Effectiveness 

•  The  effectiveness  of  cometabolic  biofiltration  has  not  been  thoroughly 
evaluated  and  reported.  No  information  was  found  for  CAHs  other  than  TCE. 

•  Greater  than  95  percent  reduction  efficiency  has  been  reported  for  TCE  at 
concentrations  in  the  low  ppmv  range.  A  removal  rate  of  0.2  g/m^/hr  has  been 
reported  for  TCE. 

•  TCE  can  be  completely  mineralized  to  COj,  water,  and  chloride. 

•  Based  on  aqueous-phase  testing  of  aerobic  cometabolism,  1,2-DCE  and  vinyl 
chloride  are  also  expected  to  be  treatable  by  cometabolic  biofiiltration. 

Robustness 

•  TCE  can  be  effectively  treated,  but  treatment  consistency  has  been  difficult  to 
maintain  over  long  periods  or  at  concentrations  greater  than  approximately 
25  ppmv. 

•  Cometabolic  biofiltration  is  not  expected  to  effectively  treat  PCE,  carbon  tetra¬ 
chloride,  1,1,1-TCA,  1,1-DCE,  1,1-DCA,  or  Freons,  based  on  aqueous  phase 
study  results. 

•  Ketones,  alcohols,  BTEX,  and  fuel  hydrocarbons  can  be  effectively  treated  via 
biofiltration.  Cometabolism  is  unnecessary  for  these  compounds. 

•  Varying  contaminant  loads  (resulting  firom  variations  in  flows  and/or  concentra¬ 
tions)  are  likely  to  decrease  treatment  performance.  The  effects  of  periodic 
variations  or  shock  loads  may  be  temporary,  whereas  frequent  variations  may 
prevent  the  development  of  a  stable  microbial  culture  and  result  in  inconsistent 
treatment. 

•  Polishing  treatment  probably  will  be  necessary  because  of  fluctuations  in  treat¬ 
ment  performance. 

PoUntial  Risk  Reduction 

It  is  difficult  to  quantify  risk  reduction  provided  by  biofiltration,  because  the  potential 
benefit  of  the  technology  is  associated  with  its  potential  to  remove  contaminant  mass 
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from  an  offgas  waste  stream  more  economicaUy  than  standard  treatment  technol¬ 
ogies.  Biofiltration  will  not  provide  more  extensive  treatment  than  standard  technol¬ 
ogies,  but  it  would  reduce  VOC  emissions  compared  to  no  treatment.  Because  it  is  a 
destruction  technology,  biofiltration  causes  a  real  reduction  in  contaminant  mass  com¬ 
pared  to  nondestructive  technologies,  which  transfer  contaminants  to  another  phase. 

Advantages  Compared  to  Other  Technologies 

•  OveraU  offgas  treatment  costs  may  be  reduced  by  using  biofiltration  either 
alone  or  in  conjunction  with  GAC  polishing. 

•  It  is  likely  that  cometabolic  biofiltration  can  effectively  treat  vinyl  chloride, 
which  is  difficult  and  costly  to  remove  by  adsorption  processes. 

•  Contaminant  mass  reduction  is  achieved  by  destruction  rather  than  transfer  to 
another  phase. 

•  Cometabolic  biofiltration  is  capable  of  completely  mineralizing  TCE. 
Presumably,  1,2-DCE  and  vinyl  chloride  can  also  be  mineralized,  based  on 
aqueous  phase  study  results. 

•  The  biofilter  media  is  continuously  regenerated,  and  does  not  require  frequent 
replacement/disposal. 

•  Thermal/catalytic  oxidation  by-products  such  as  HF  and  HQ  would  not  be 
generated  via  biofiltration. 

•  Public  perception  of  biofiltration  is  potentially  more  favorable  than  for  thermal 
processes. 

Disadvantages  Compared  to  Other  Technologies 

•  If  treatment  of  all  contaminants  is  not  complete,  a  contaminated  liquid  stream 
will  be  produced.  Untreatable  contaminants  will  accumulate  in  the  scrubbing 
solution  (with  biotrickling  filters)  or  leachate  (with  biofilters),  necessitating  a 
liquid  blowdown  stream. 

•  Biofiltration  is  probably  more  susceptible  to  upsets  and  inconsistent  treatment 
than  standard  offgas  treatment  technologies. 

•  Several  CAHs  are  not  effectively  treatable  by  cometabolic  biofiltration. 

•  Polishing  treatment  following  biofiltration  probably  would  be  required. 

•  The  primary  substrate  added  to  induce  cometabolism  could  itself  become  a 
contaminant  in  the  effluent  gas  if  not  completely  utilized  during  treatment. 
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•  Competitive  inhibition  between  primaiy  substrate  and  target  contaminants  can 
occur,  resulting  in  reduced  treatment  efficiencies. 

•  Complex  mixtures  of  contaminants  in  the  offgas  may  affect  treatment 
performance. 

Relative  Cost  Benefit 

The  cost  benefit  of  cometabolic  biofiltration  would  result  from  its  use  in  place  of  a 
more  expensive  offgas  treatment  technolo^  or  through  its  use  in  combination  with 
other  technologies,  reducing  the  overall  treatment  cost.  Cost  benefits  should  be  eval¬ 
uated  on  the  basis  of  $  1/mass  of  contaminants  treated.  When  evaluating  technology 
costs,  residuals  management  should  be  included. 


Potential  Locations 

Potential  application  locations  for  cometabolic  biofiltration  at  McQellan  AFB  include 
the  treatment  of  offgas  fi’om:  air  stripping  groundwater  treatment,  soil  vapor  extrac¬ 
tion  (SVE),  SVE/sparging,  bioventing,  soil  composting,  or  dual-phase  extraction. 

A  suitable  offgas  stream  for  treatment  via  cometabolic  biofiltration  would  be  contami¬ 
nated  primarily  with  TCE,  1,2-DCE,  and/or  vinyl  chloride  (and  maybe  other  mono- 
chlorinated  CAHs).  (Biofiltration  without  induction  of  cometabolism  would  also  be 
potentially  applicable  for  treating  BTEX  or  fuel-contaminated  gas  streams.)  Offgas 
streams  containing  significant  concentrations  of  PCE,  carbon  tetrachloride,  1,1,1-TCA, 
1,1-IX)E,  1,1-DCA,  or  Freons  are  probably  not  suitable  for  treatment  by  cometabolic 
biofiltration. 

Because  TCE  is  the  predominant  CAH  contaminant  in  OU  C  groimdwater,  offgas 
from  the  treatment  of  soil  and/or  groimdwater  that  area  of  the  Base  might  be  suitable 
for  treatment  by  cometabolic  biofiltration. 


Approach 


Information  Needs  and  Sources 

Table  L7-1  summarizes  information  needs  and  sources  for  implementation  of  cometa¬ 
bolic  biofiltration. 


RDD10012E28.WP5 


L7-6 


n/9/93 


Table  L7-1 

ComeUbolic  BiofUtration 
Kaforautioo  Needs  and  Sources 


Iitfonnation  Needs 


Feed  Stream  Charactnislics 

•  Contaminant  IVpes 

•  Contaminant  Omceotrations 

•  Flow  Rate 

•  Flow/Concentration  Variability 

•  Treatment  Requirements 


System  Design 

•  Unit  Size 

•  Physical  Configuration  (e.g.  flow  regime,  siq>port 

media,  microbial  c(»sortia,  primary  substrate) 

•  Equipment  Requirements 


Performance  Ciq>abilities 

•  Destruction  Removal  Efflciencies 

•  Flow  Rate 

•  Ancillary  Treatment  Requirements 

•  Monitoring  (Sampling  and  Analysis) 

•  Response  to  Feed  Stream  Variability 


Operations  8t  Maintenance 

•  Biofilter  Bed  Life 

•  Substrate  Use  Requirements 

•  Nutrient  Requirements 

•  Utility  Connections/Installaticm  Requirements 

•  Biosolids  Management  (if  any) 

•  Preventative  Maintenance  Requirements 


L  =  Literature/Eiqierts 
O  =  Odier  Tedmology  Evaluations 
P  =  Pilot  Scale 
S  =  Saotyling  Results 
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Information  Gathering  and  Review 


Information  gathering  and  review  to-date  has  identified  a  number  of  vendors  and 
research  groups  that  are  actively  testing  and  developing  biofiltration  processes  for 
treating  CAH-laden  gas  streams.  These  groups  are  listed  in  the  Development  Status 
subsection  of  this  Implementation  Plan.  Because  of  the  relatively  undeveloped  status 
of  this  technology  and  the  intricacies  associated  with  the  process,  an  intensive  review 
of  current  and  future  research  findings  is  needed.  The  progress  of  these  groups  in 
developing  this  technology  should  be  closefy  monitored  until  sufficient  information  is 
available  to  confidently  evaluate  whether  the  technology  is  feasible  for  implementa¬ 
tion  in  conjunction  with  remedial  activities  at  McQellan  AFB.  The  results  of  the  field 
demonstration  of  biofiltration  treatment  of  CAHs  planned  for  McCleUan  AFB  in  July 
1994,  when  available,  will  be  particularly  useful  for  evaluating  the  feasibility  of  imple¬ 
menting  the  technology  at  Base. 

Implementation  Issues 

•  The  treatment  system  will  have  to  meet  treatment  objectives  established  to 
maintain  compliance  with  the  Basewide  air  emissions  permit. 

•  The  gas  stream(s)  selected  for  treatment  by  cometabolic  biofiltration  must 
have  characteristics  that  are  compatible  with  the  capabilities  and  limitations  of 
the  treatment  process. 

•  It  may  be  practical  to  allow  some  period  of  time  for  the  technology  to  be 
developed  further  before  proceeding  with  implementation  at  the  Base.  At  the 
present,  it  is  not  apparent  that  any  of  the  researchA^endor  groups  has  devel¬ 
oped  a  pilot-scale  system  that  is  reatfy  for  use  in  the  field.  Nevertheless,  sev¬ 
eral  groups  are  actively  researching  and  developing  the  process,  so  the  technol¬ 
ogy  may  be  ready  for  field  testing  in  the  near  future.  Thus,  it  is  important  to 
closely  monitor  technology  development  progress  and  critically  evaluate  any 
treatment  data  generated  so  that  the  best  system  can  be  selected  for  testing. 

Bench-Scale  Testing 

Bench-scale  testing  should  be  performed  by,  or  in  conjunction  with,  one  of  the 
research  groups  or  vendors  active  in  developing  the  cometabolic  biofiltration  technol¬ 
ogy.  The  overall  goals  of  bench-scale  testing  would  be  to  make  a  preliminary  evalua¬ 
tion  of  the  feasibility  of  implementing  the  technology  at  the  Base  and  to  screen  pro¬ 
cess  variables  to  focus  the  design  and  operation  of  a  pilot-scale  system. 
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Objectives 


•  Determine  appropriate  gas  stream  characteristics— including  the  ranges  of 
contaminant  loading  rates,  gas  flow  rates,  and  contaminant  concentrations - 
that  can  be  effectively  treated. 

•  Determine  the  optimal  primary  substrate  and  microorganism  group,  substrate 
addition  rate,  residence  time,  and  any  other  critical  design  parameters. 

•  Evaluate  the  potentially  achievable  contaminant  reduction  efficiencies,  mass 
removal  rates,  and  consistency  of  treatment  performance. 

Approach 

Bench-scale  biofiltration  column  systems  probably  would  be  used  to  test  the  technol¬ 
ogy,  although  the  test  system  design  should  be  based  on  the  current  research  develop¬ 
ments  at  the  time  of  testing.  Bench-scale  testing  could  either  be  conducted  at  the 
Base  using  a  small  slip-stream  of  actual  offgas  (if  a  vapor  stream  contaminated  pri¬ 
marily  with  treatable  CAHs  exists),  or  it  could  be  conducted  in  a  laboratory  using  a 
simulated  gas  stream  containing  at  least  a  simple  mixture  of  contaminants  representa¬ 
tive  of  a  gas  stream  at  the  Base. 

Pilot-Scale  Testing 

Objectives 

•  Determine  the  maximmn  gas  flow  rates,  influent  contaminant  concentrations, 
and  contaminant  mass  loadings  that  can  be  treated  effectively. 

•  Evaluate  achievable  contaminant  reduction  efficiencies,  mass  removal  rates, 
and  consistency  of  performance. 

•  Evaluate  system  response  to  influent  stream  variability,  shock  loads,  and 
shutdown/startup. 

•  Evaluate  the  long-term  effectiveness  of  a  biofiltration  bed,  especially  with 
respect  to  the  management  of  biosolids. 

•  Determine  appropriate  operating  parameters,  such  as  liquid  recycle  rate,  liquid 
blowdown  rate,  substrate  addition  rate,  and  nutrient  and  buffering  require¬ 
ments. 

•  Characterize  ai^  residual  waste  streams. 

•  Develop  design  and  operating  criteria  and  estimate  the  cost  of  a  full-scale 
system. 
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Approach 


If  bench-scale  testing  results  are  promising,  the  next  phase  of  implementation  is  pilot- 
scale  testing.  Pilot-scale  testing  would  involve  the  operation  of  an  onsite  treatment 
system  designed  to  simulate  the  system  that  would  be  used  at  full-scale.  The  specific 
objectives  and  approach  of  the  pilot-testing  program  would  be  refined  and  detailed 
based  on  the  bench-scale  testing  results.  The  general  approach  to  pilot-scale  testing 
is  outlined  below  and  as  shown  in  Figure  L7-2. 

1.  Identify  an  appropriate  offgas  stream.  Ideally,  this  would  be  done  prior 
to  bench-scale  testing.  This  might  be  a  slip  stream  fi'om  an  air  stripper 
treating  extracted  groundwater  or  from  an  in  situ  soil  venting  operation. 

2.  Develop  the  pilot  testing  workplan. 

3.  Select  a  vendor  to  supply  a  biofiltration  system  that  is  consistent  with 
preliminary  design  criteria  developed  from  the  bench-scale  testing 
results.  If  no  vendor-supplied  pilot-scale  system  is  available,  a  system 
could  be  constructed  by  contracting  the  necessary  design  and  construc¬ 
tion  engineering  services. 

4.  Prepare  the  test  site  and  mobilize  the  pilot  unit  onsite. 

5.  Operate  the  pilot  test  unit  at  a  variety  of  loading  conditions. 

6.  Operate  the  system  for  a  sufficient  duration  to  evaluate  long-term 
performance. 

7.  Analyze  data  to  evaluate  performance  and  the  potential  benefit  of 
implementing  cometabolic  biofiltration  at  the  Base. 

8.  Decide  whether  to  proceed  with  implementation  at  full-scale. 

Full-Scale  Implementation 


Cometabolic  biofiltration  has  not  been  sufficiently  developed  to  prepare  a  full-scale 
implementation  conceptual  design. 


Technology  Limitations  and  Uncertainties 

Neither  pilot-  nor  full-scale  units  have  been  constructed  for  treating  CAHs.  It 
is  not  known  when  these  systems  will  be  available. 
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BIOFILTCR  EFFLUENT 


•  The  gas  stream  characteristics  for  which  cometabolic  biofiltration  would  be  an 
effective  and  economical  treatment  option  have  not  been  established.  The 
maximum  influent  flows  and  contaminant  concentrations  and  maximum  con¬ 
taminant  mass  loading  rates  are  unknown. 

•  Treatment  performance  characteristics,  such  as  achievable  contaminant  reduc¬ 
tion  efficiencies  and  mass  removal  rates,  are  not  well  established. 

•  The  currently  available  information  indicates  that  treatment  performance  is 
inconsistent;  consequently,  polishing  treatment  may  be  required. 

•  The  ability  of  cometabolic  biofiltration  systems  to  effectively  treat  complex 
contaminant  mixtures  is  unknown. 

•  Several  different  research  groups  are  developing  this  technology.  It  is  not  yet 
clear  which  group  has  the  best  system. 


Schedule 

A  possible  implementation  schedule  is  shown  in  Figure  L7-3. 


Cost 

Bench-  and  pilot-scale  testing  costs  are  estimated  at  roughly  $100,000  and  $210,000, 
respectively.  Full-scale  implementation  costs  are  impossible  to  estimate  at  this  time 
because  of  the  relatively  undeveloped  status  of  the  technology. 


Works  Cited 
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Appendix  L8 


TECHNICAL  MEMORANDUM  L8 


CAHILL 


PREPARED  FOR:  McClellan  Air  Force  Base 

DATE:  November  7,  1993 

SUBJECT:  Resin  Adsorption  Implementation  Plan 

Groxmdwater  OU  RI/FS  Report 
Delivery  Order  No.  5066 

PROJECT:  SAC28722.66.NT 


Technology  Overview 

Description 

Resin  adsorption  is  an  offgas  treatment  technology  that  employs  synthetic  adsorbents 
placed  in  packed  or  fluidized  beds  to  remove  VOCs.  It  is  similar  to  vapor-phase 
carbon  adsorption,  but  laboratoiy  testing  suggests  that  the  absorbent  media  (resin) 
has  superior  capacity  and  durability.  Consequently,  the  resin  can  be  legenerated  in- 
place,  through  a  large  number  of  cycles.  Possible  applications  at  McClellan  AFB  are 
emissions  control  of  offgas  from  ex  situ  groundwater  treatment  (e.g.,  air  stripping)  or 
in  situ  treatment  processes  (e.g.,  soil  vapor  extraction). 

There  are  two  resin  adsorption  systems  on  the  market.  The  first  system  is  marketed 
by  Purus,  Inc.,  as  the  Purus  Adsorption  Desorption  Remediation  Equipment 
(PADRE)  system;  the  other  is  the  Polyad  process,  marketed  in  the  United  States  by 
Weatherly  Inc.  The  processes  are  similar  in  principle,  with  the  primary  distinction 
being  the  mechanisms  of  contaminant  adsorption  and  adsorbent  desorption.  Recent 
technology  evaluations  conducted  by  CH2M  HILL  have  indicated  that  the  Purus 
PADRE  system  appears  to  be  more  economical  and  therefore,  has  been  chosen  for 
further  evaluation.  However,  subsequent  evaluations  of  resin  adsorption  at  McClellan 
AFB  should  consider  the  Polyad  process  as  cost  improvements  may  accompany  fur¬ 
ther  technology  development. 

The  Purus  PADRE  system  consists  of  one  or  more  modular  units,  which  contain  the 
foUowing  major  components:  knockout  tank  (airAvater  separator),  parallel  adsorption 
bed  modules,  blower,  chiller/condenser,  nitrogen  storage  tank,  product  recovery  tank, 
and  a  process  control  panel.  Figure  L8-1  is  a  conceptual  schematic  showing  the 
PADRE  system  components. 
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The  unit  operates  in  a  cycle  of  passive  adsorption  and  thermal  desorption.  During 
passive  adsorption,  the  contaminated  influent  air  stream  passes  through  two  resin- 
filled  filter  beds  connected  in  series.  Each  resin  bed  contains  one  or  more  propri¬ 
etary  synthetic  polymeric  adsorbents,  which  have  been  selected  to  optimize  their  affin¬ 
ity  for  adsorbing  the  particular  suite  of  VOCs  being  treated.  The  treated  gas  stream 
that  exits  the  beds  is  referred  to  as  the  primary  effluent.  It  may  require  further  treat¬ 
ment  in  the  form  of  offgas  polishing. 

When  the  beds  reach  their  maximum  effective  adsorption  capacity,  the  influent  gas 
stream  is  automatically  diverted,  on  a  pre-timed  basis,  to  a  parallel  unit,  and  the  con¬ 
taminant-loaded  beds  begin  the  thermal  desorption  cycle.  During  this  cycle,  the  resin 
bed  is  heated  to  about  150  to  over  a  period  of  60  minutes  to  volatilize  the 
adsorbed  organic  contaminants  and  regenerate  the  beds.  The  heat  is  supplied  by 
noncontact  heat  tracing  cables  evenly  distributed  within  the  bed  supports.  Once  the 
desorption  temperature  is  reached,  the  bed  is  purged  with  approximately  10-  to 
25-bed  volumes  of  an  inert  carrier  gas  (typically  nitrogen).  The  use  of  an  inert  carrier 
gas  avoids  the  potential  danger  of  explosion,  as  the  desorbed  gas  can  contain 
extremely  high  concentrations  of  contaminant  compounds  (several  times  their  respec¬ 
tive  lower  explosive  limits).  Following  the  inert  gas  purge,  the  bed  is  cooled  to  ambi¬ 
ent  temperatures  through  circulation  of  a  heat  transfer  fluid  (such  as  Dowtherm). 

The  thermal  desorption  cycle  is  complete  when  the  beds  return  to  ambient  tempera¬ 
ture,  ready  to  begin  the  next  adsorption  cycle. 

The  frequency  of  regeneration  is  limited  by  the  thermal  desorption  cycle.  This  pro¬ 
cess  takes  approximately  Vh  to  6  hours  depending  on  the  resin  type  and  sorbed  con¬ 
taminants.  TTierefore,  the  number  of  adsorption/desorption  cycles  is  limited  to  4  to 
10  cycles  per  day. 

The  purge  gas  (nitrogen)  is  passed  through  a  chiller/condenser  system  where  most  of 
the  gaseous  contaminants  are  condensed  to  the  liquid  phase.  The  contaminant-lean 
nitrogen  gas  is  then  returned  to  the  unit  influent  stream,  or  alternately,  may  be  com¬ 
pressed  and  purified  for  reuse.  The  condensed  liquid  (condensate)  may  require 
organic/aqueous  phase  separation  before  the  organic  phase  is  transferred  to  a  storage 
drum  or  tank,  then  transported  for  use  as  a  fuel,  or  disposed  as  a  hazardous  waste. 
The  separated  aqueous  phase  would  require  further  treatment. 

Development  Status 

The  resin  adsorption  technology  has  been  demonstrated  for  indmtrial  applications  at 
the  pilot-scale  in  the  U.S.  and  Europe,  There  are  several  full-scale  applications  in 
use.  Individual  components  have  been  tested  in  the  laboratory  and  the  field  for  haz¬ 
ardous  waste  remediation  applications. 

A  field  test  of  the  PADRE  system  is  being  conducted  at  McQellan  AFB  in  the  Fall  of 
1993  in  conjunction  with  the  SVE  system  at  Site  S,  OU  D.  The  extent  of  further 
implementation  of  the  resin  adsorption  technology  in  general,  and  the  PADRE  system 
in  particular,  at  McQellan  AFB,  depend  on  the  results  of  this  demonstration. 
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Potential  Benefits 


This  subsection  describes  the  performance,  advantages  and  disadvantages,  and  cost 
benefits  associated  with  PAD^  resin  adsorption.  This  information  is  intended  to 
provide  a  basis  for  evaluating  the  potential  benefits  of  implementing  this  technology 
at  the  Base  as  an  innovative  alternative  to  standard  offgas  treatment  technologies 
such  as  vapor-phase  carbon  adsorption  and  catalytic  or  thermal  oxidation. 

General  Performance 

Effectiveness 

•  Treatment  efficiency  is  typically  greater  than  90  percent  for  removal  of  total 

voa. 

•  Treatment  efficiency  for  single  contaminant  PCE  and  TCE  offgas  streams  is 
typically  95  percent;  slightly  less  for  DCE. 

•  90  to  95  percent  removal  is  typical  for  aromatics,  aliphatics,  alcohols,  alde¬ 
hydes,  some  ketones,  and  many  chlorinated  solvents. 

•  Relatively  poor  removal  efficiencies  of  vinyl  chloride  and  methylene  chloride. 

•  The  treatment  efficiency  for  complex,  highly  concentrated  waste  streams  is 
expected  to  vary,  depending  on  the  application,  and  is  difficult  to  predict. 

Robustness 

•  Halogenated  and  nonhalogenated  VOCs  are  removed. 

•  Adsorption  capacity  for  a  given  contaminant  depends  on  its  boiling  point, 
molecular  polarity,  and  competition  with  other  compoimds.  Low  boiling  point 
and  highly  polar  compoimds  are  more  difficult  to  remove. 

•  Contaminant  influent  concentrations  up  to  10,000  ppmv  total  organics  have 
been  treated. 

•  Resin  adsorptive  capacity  may  be  maintained  through  many  regenerative 
cycles,  provided  the  system  possesses  sufficient  desorption  capacity.  Some 
suites  of  compounds  may  cause  very  lengthy  thermal  desorption  cycles, 
reducing  overaU  cost-effectiveness. 

•  A  complete  treatment  system  can  be  assembled  firom  modular  units  available 
for  purchase  or  lease. 
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•  The  nature  of  the  passive  adsorption  process  results  in  some  ability  to 
accommodate  fluctuations  in  influent  concentrations,  as  well  as  a  20:1  turn¬ 
down  capacity. 

•  Each  modular  unit  contains  a  computer  controlled/remote  conununication 
system  for  alarm  reporting  and  system  monitoring. 

Potential  Risk  Reduction 

It  is  difGcult  to  quantify  the  risk  reduction  provided  by  resin  adsorption  treatment 
because  the  potential  benefit  of  the  technology  is  associated  with  its  potential  to 
reduce  contaminants  from  process  ofrgas  streams  more  economically  than  standard 
treatment  technologies.  Resin  adsorption  treatment  is  not  likely  to  provide  more 
extensive  treatment  than  standard  technologies,  but  it  would  reduce  contaminant 
levels  compared  to  no  treatment.  Contaminants  are  recovered  in  the  liquid-phase  for 
disposal/reuse.  Although  transport  and  reuse  may  have  an  associated  risk  increase 
compared  to  in-place  destruction. 

Advantages  Compared  to  Other  Technologies 

•  The  use  of  a  regenerative  resin  results  in  less  contaminated  media  requiring 
disposal  than  GAC. 

•  The  media  may  be  able  to  retain  a  high  adsorptive  capacity  through  numerous 
regeneration  cycles. 

•  Performance  is  not  as  significantly  impacted  by  the  relative  humidity  of  the 
influent  stream  compared  to  GAC,  though  hi^  relative  humidity  may  decrease 
treatment  efficiency. 

•  The  recovery  of  contaminants  offers  greater  flexibility  in  determining  their 
ultimate  fate. 

•  Resin  adsorption  appears  to  have  a  niche  for  high  flow,  moderate  concentra¬ 
tion  gas  streams. 

•  Little  to  no  HQ,  HF,  and  NOx  emissions  occur  compared  to  catalytic  oxida¬ 
tion. 

Disadvantages  Compared  to  Other  Technologies 

•  Removal  efficiencies  vaiy  by  compound  and  with  contaminant  stream 
characteristics.  For  offgases  that  contain  a  wide  variety  of  compounds,  the 
treatment  efficiency  and  cost-effectiveness  of  resin  adsorption  is  expected  to  be 
insuperior  to  eatable  oxidation. 
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•  Lx>ng*term  (5  to  10  years)  resin  performance  data  is  not  available  for  chlori¬ 
nated  VOCs. 

•  Because  it  is  not  a  destruction  technology,  there  is  further  management  associ¬ 
ated  with  the  condensate  (i.e.,  storage,  treatment,  disposal  or  reuse). 

•  The  primary  effluent  may  require  polishing  treatment  in  order  to  achieve  emis¬ 
sion  standards. 

•  Very  few  technology  vendors  are  available,  possibly  limiting  cost  competitive¬ 
ness  and  the  rate  of  technology  development. 

Relative  Cost  Benefit 

The  cost  benefit  of  resin  adsorption  would  result  from  its  use  in  place  of  a  more 
costly  offgas  treatment  technology  or  through  its  combination  with  other  technologies, 
reducing  overaU  treatment  cost.  Cost  benefits  should  be  evaluated  on  the  basis  of 
$/mass  of  contaminants  treated.  When  evaluating  technology  cost,  condensate  man¬ 
agement  should  be  included. 


Potential  Locations 

Potential  application  locations  for  resin  adsorption  at  McQellan  AFB  related  to 
cleanup  of  contaminated  soil  and  groimdwater  include  the  treatment  of:  air  stripper 
offgas  from  groimdwater  treatment  plant(s);  SVE,  SVE/sparging,  or  dual  phase 
extraction  offgas;  and  any  other  VOC-contaminated  offgas  stream  generated  at  the 
Base.  The  operating  flexibility  of  the  system  aUows  application  to  a  wide  range  of 
locations,  though  highly  complex  or  highly  concentrated  streams  may  be  less  appropri¬ 
ate,  as  weU  as  those  with  vinyl  chloride  and/or  methylene  chloride  as  primary  constitu¬ 
ents. 


Approach 


Information  Needs  and  Sources 

Table  L8-1  provides  a  summary  of  the  information  needs  and  sources  for  implemen¬ 
tation  of  resin  adsorption. 

Information  Gathering  and  Review 

Information  on  resin  adsorption  coUected  includes  vendor-supplied  information  on 
system  design,  performance,  and  operation,  as  well  as  preliminaTy  results  from  the 
Fall  1993  project  being  performed  at  the  SVE  field  demonstration  site  in  Site  S, 

OU  D  at  the  Base.  Further  information  gathering  should  include  a  thorough  review 
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Table  L8-1 
Renn  Acbori^n 
lafonnatkm  Needs  and  Sources 


Information  Needs 

Project  Scale  || 

Bench 

PUot 

FuU 

Feed  Stream  Characteristics 

• 

Contaminant  IVpes 

S 

s 

S 

• 

Contaminant  Ccmcentradons 

S 

o.s 

O.S 

• 

Contaminant  Chemical/Thermodynamic  Properties 

L 

L 

L 

• 

Flow  Rate 

V 

O 

O 

• 

Flow/Concentration  Variability 

L.V 

O.S 

O 

II  System  Design 

• 

Unit  Size 

V 

B 

P 

• 

Physical  Configuration 

V 

V 

P.V 

• 

Equipment  Requirements 

V 

B.O.V 

O.P.V 

• 

Patent  Requirements 

— 

V 

V 

• 

Permitting  Requirements 

— 

L,0 

L.O 

• 

Treatmoit  Requirements 

L,V 

L.0 

L.O 

II  Performance  Capabilities 

• 

Destruction  Removal  Efficiencies 

V 

B 

P 

• 

Flow  Rate 

V 

B.V 

P.V 

• 

Ancillaiy  Treatment  Requirements 

V 

L,0,V 

L.O.P 

• 

Monitoring  (Sampling  and  Analysis) 

V 

L 

L 

• 

Re^xmse  to  Feed  Stream  Variability 

V 

B.L,V 

L.P 

1  Operations  &  Maintenance 

• 

Cycle  Hmes 

~ 

B.V 

P.V 

• 

Nitrogen  Use  Requirements 

V 

B.V 

P.V 

• 

Gas  Stream  Temperatures 

V 

B.O 

P.O 

• 

Utility  Connections/Installation  Requiremoits 

V 

V 

• 

Preventative  Maintenance  Requirements 

V 

V 

• 

Safety 

— 

V 

V 

H  Residuals  Management 

1  * 

HCl  and  HF  emission  rates 

— 

L.V 

p 

9  • 

Vinyl  Qiloride,  Mediylene  Chloride  and  Acetone 

V 

B.V 

p 

1 

emission  rates 

9  * 

Condensed  Contaminants 

— 

L.V 

L.P 

Storage/Tianqmrt/Disposal/Rmse 

Notes: 

L  =  Literature/Experts 
O  -  Other  Technology  Evaluations 
P  =  Pilot  Scale 
S  =  Sampling  Results 
V  =  Veador(s) 
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of  the  Site  S  demonstration  final  results  when  they  are  available,  and  a  review  of 
other  demonstration  test  data  fi^om  sites  treating  chlorinated  solvent-containing  offgas. 

Implementation  Issues 

•  The  treatment  system  will  have  to  meet  the  treatment  objectives  established  to 
maintain  compliance  with  the  Basewide  air  emissions  permit. 

•  Influent  feed  stream  characteristics  (i.e.,  contaminant  distribution,  temperature, 
and  relative  humidity)  need  to  be  compatible  with  the  technology  limitations. 
The  use  of  resin  adsorption  in  conjimction  with  another  technology  might  be 
required  in  the  event  these  limitations  prevent  sufficient  treatment  perfor¬ 
mance. 

•  A  location  with  sufficient  space  and  utilities  connections  is  required  for  place¬ 
ment  of  the  modular  unit(s). 

•  A  system  for  the  safe  management  of  condensed  organics  must  be  installed 
with  the  treatment  units.  Such  a  system  would  be  composed  of  a  contained 
storage  facility,  transfer  piping,  or  a  loading  area,  and  a  plan  for  organics 
disposal/use. 

•  The  nature  of  the  equipment  procurement  (lease  versus  buy)  should  be  deter¬ 
mined  with  a  cost  anal^is.  A  combination  lease-purchase  agreement  could  be 
considered  whereby  the  treatment  modules  are  leased  for  a  short  dmation  at 
the  beginning  of  operation,  then  purchased  at  a  discotmt  when  successful  treat¬ 
ment  performance  has  been  established. 

Bench-Scale  Testing 

Bench-scale  testing  will  only  be  required  if  technology  implementation  is  being  consid¬ 
ered  for  an  offgas  with  contaminant  characteristics  significantly  different  than  those  of 
the  SVE  offgas  at  Site  S,  since  the  pilot  test  at  Site  S  has  already  targeted  these 
objectives.  The  vendor  should  assist  in  the  evaluation  of  the  necessity  for  bench-scale 
testing. 

Objectives 

•  Identify  the  resin  or  combination  of  resins  most  suitable  for  the  specific  con¬ 
taminant  stream  of  interest. 

•  Evaluate  the  effect  of  relative  humidity  and  temperatiure  on  adsorption  to 
identify  the  benefits  of  controlling  humidity  and  temperatme  on  contaminant 
sorption. 
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•  Evaluate  desoq)tion  characteristics  of  contaminants  from  the  resins  selected  for 
testing. 

•  Establish  the  working  adsorptive  capacity  of  the  selected  resin(s). 

Approach 

1.  Prepare  bench-scale  testing  workplan. 

2.  Measure  (or  review)  adsorption  isotherms  for  various  contaminants  of  concern 
using  Purus’  standard  (vial  headspace  measurement)  methods. 

3.  Conduct  isotherm  tests  at  varying  temperatures  and  humidities  to  bracket  the 
expected  conditions  for  a  specific  application. 

4.  Conduct  column  studies  with  actual  contaminant  mixtures  (if  possible)  simulat¬ 
ing  the  specific  application.  A  breakthrough  curve  will  be  measured.  Air 
stream  humidity  and  temperature  should  be  controlled  to  match  application 
conditions.  The  bed  would  be  desorbed  under  standard  conditions  and  the 
organics  recovered  in  a  condenser.  At  least  three  adsorption-desorption  cycles 
should  be  tested. 

5.  Evaluate  data  and  refine  pilot-scale  testing  objectives. 

Pilot-Scale  Testing 
Objectives 

Pilot-scale  testing  is  conducted  to  meet  the  following  objectives: 

•  Determine  the  treatment  efficiency  achievable  for  individual  contami¬ 
nants  and  for  total  VOCs. 

•  Develop  full-scale  system  design  parameters  such  as  unit  size(s),  equip¬ 
ment  requirements,  and  process  control  parameters. 

•  Determine  operations  and  maintenance  criteria  such  as  optimal 
(adsorption/desorption)  (^cle  times,  desorption  gas  requirements,  and 
temperature  or  humidity  controls. 

•  Establish  the  emission  rates  of  HQ,  HF,  vinyl  chloride,  methylene  chlo¬ 
ride,  and/or  other  effluent  contaminants.  Determine  the  need  for  ancil¬ 
lary  offgas  treatment  systems. 

•  Establish  the  production  rates  of  condensed  liquid  water  phase  and 
organic  contaminants. 


RDD10012E29.WP5 


L8-9 


11/7/93 


•  Evaluate  the  cost  benefits  of  fuLi-  cale  implementation. 

•  Evaluate  construction  materials  for  treatment  equipment,  especially 
those  associated  with  desorption  cycle  equipment. 

Approach 

Pilot-scale  testing  using  a  Base  offgas  would  be  necessary  to  rigorously  evaluate  tech¬ 
nology  feasibility  and  to  develop  design  and  operating  parameters  for  an  offgas.  The 
specific  objectives  and  approach  of  the  pilot  testing  program  would  be  refined  and 
detailed  foUowing  the  information  gathering  and  review  and  evaluation  of  the  Site  S 
demonstration  results.  The  general  pilot  testing  approach  would  include  the  following 
components. 


•  Select  an  appropriate  target  offgas  stream  for  testing  resin  adsorption. 

A  slip  stream  from  an  existing  system  would  likely  be  used. 

•  Develop  the  pilot-testing  workplan,  using  the  existing  procedures  firom 
the  Site  S  demonstration  as  a  basis. 

•  Prepare  the  site  and  bring  a  modular  unit  online. 

•  Operate  the  PADRE  treatment  system  under  the  selected  conditions. 

•  Analyze  data  to  evaluate  performance  and  the  potential  benefits  of 
implementing  resin  adsorption  treatment  of  the  Base. 

•  Decide  whether  to  proceed  with  implementation  at  full-scale. 

Full-Scale  Implementation 

For  the  purpose  of  generating  an  order-of-magnitude  cost  estimate  for  implementa¬ 
tion,  a  conceptual  full-scale  application  of  PADRE  involves  the  following  components: 

•  A  successful  pilot  test  establishing  the  potential  cost  benefit  associated 
with  implementation. 

•  A  pad  of  sufficient  size  to  support  the  unit(s)  and  control  equipment. 

•  Utility  connections,  a  nearby  water  source,  a  dedicated  phone  line,  and 
a  nitrogen  supply  system  (storage  and  piping  system). 

•  A  condensate  drain  line  and  management  system  (adequately  vented 
storage  tanks  with  secondary  containment  provisions  for  disposal  or  use 
of  the  recovered  organic  ph^,  and  transfer  of  the  aqueous  phase  to  a 
wastewater  treatment  system). 
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•  Influent  piping  connections  to  the  existing  groundwater  treatment  plant 
offgas  stream. 

•  Modular  PADRE  units  sufficient  to  meet  the  contaminant  loading  rate. 
A  conceptual  schematic  of  a  PADRE  system  application  is  shown  in  Figure  L8-2. 


Technology  Limitations  and  Uncertainties 

•  Cost-effective  treatment  performance  for  a  complex  mixture  of  chlorinated 
VOCs  has  not  yet  been  established. 

•  The  desorption  capacity  of  the  resin  for  some  contaminants  may  significantly 
limit  treatment  efficiency  or  reduce  cost-effectiveness  through  excessively  long 
desorption  cycles. 

•  The  relative  proportion  of  poorly  sorbing  contaminants  in  the  influent  gas  will 
reduce  overall  treatment  efficiency.  High  concentrations  of  vinyl  chloride  or 
methylene  chloride  may  significantly  reduce  cost-effectiveness. 

•  Resin  adsorption  treatment  efficiency  is  limited  to  90  to  95  percent  for  many 
compounds,  which  may  result  in  an  inability  to  meet  discharge  requirements  or 
may  require  effluent  polishing. 

•  The  amoimt  of  operator  attention  may  vary  for  each  application.  The  degree 
of  operator  attention  is  a  function  of  the  feed  stream  variability  (resulting  in 
the  need  to  adjust  cycling  times/parameters)  and  the  amount  of  emissions 
monitoring. 

•  Final  use,  and  consequently  management  costs,  of  condensed  organics  (e.g., 
disposal  or  recycling)  may  vary  depending  on  characteristics. 


Schedule 

Figure  L8-3  contains  a  possible  implementation  schedule  for  the  incorporation  of 
resin  adsorption  into  the  groundwater  treatment  system  at  the  Base.  A  significant 
uncertainty  in  the  schedule  is  the  need  for  and  duration  of  further  pilot  testing.  The 
results  of  the  FaU  1993  pilot  test  at  Site  S  will  determine  the  extent  to  which  further 
evaluation  is  required  prior  to  implementation. 
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TREATED  EFFLUENT 


Implementation  Time  (years 


Cost 


This  section  presents  an  estimated  range  for  order-of  magnitude  implementation  costs 
based  on  the  conceptual  design.  Implementation  costs  may  include  costs  associated 
with:  ongoing  literature  review,  bench-scale  testing,  pilot-scale  testing,  and  full-scale 
capital  and  annual  operations  and  maintenance.  The  scope  of  each  of  these  cost- 
related  activities  is  siunmarized  below: 

•  Literature  Review.  Vendors  such  as  Piirus  and  Weatherly  are  likely  to 
further  develop  the  technology  such  that  enhancements  (optimization) 
and  limitations  will  be  better  understood.  The  decision  to  proceed  with 
further  implementation  of  resin  adsorption  requires  ongoing  assessment 
and  review  of  field  data.  While  this  activity  is  not  a  significant  cost 
factor  of  implementation,  it  is  an  important  implementation  activity. 

•  Bench-Scale  Testing.  This  activity  includes  v  orkplan  development, 
contract  procurement,  and  the  cost  of  conducting  and  overseeing  vial 
and  column  studies. 

•  Pilot-Scale  Testing.  This  activity  includes  costs  associated  with  scope 
and  workplan  development,  contract  procurement,  equipment  procure¬ 
ment,  system  installation,  system  operation,  demobilization,  sampling 
and  analysis  (system  monitoring),  evaluation  of  system  performance,  and 
reporting. 

•  FuU-Scale  Capital.  Capital  costs  are  direct  and  indirect  costs  required 
to  initiate  and  instaU  the  technology  system  components,  including  (but 
not  limited  to)  engineering  design,  mobilization  and  demobilization  of 
equipment  and  people,  site  construction  activities  (i.e.,  eqmpment  instal¬ 
lation),  contractor  bonding  and  insurance,  equipment  procurement  and 
installation,  licensing  and  permitting,  health  and  safety,  and  supervision 
during  construction. 

•  Full-Scale  Operation  and  Maintenance.  Operation  and  maintenance 
(O&M)  costs  represent  those  costs  which  would  be  incurred  during  each 
year  of  operation  from  initial  startup  to  final  shutdown  of  the  full-scale 
system.  O&M  costs  include  operation  and  maintenance  labor,  power, 
purge  gas,  condensed  organics  disposal,  and  sampling  and  analysis  for 
system  monitoring.  Since  annual  O&M  costs  occur  over  a  period  of 
years,  future  costs  have  been  discounted  to  the  present  year’s  equivalent 
value  (i.e.,  the  present  value  cost)  using  5  percent  interest,  so  that 
annual  costs  remain  comparable.  Actual  annual  costs  are  likely  to  be 
much  higher  dtiring  the  first  year(s)  of  operation  as  the  system  is  com- 
missimied  and  optimized  for  operation,  and  due  to  higher  chemical 
usage  rates  and  associated  labor  required  for  treating  higher  initial 
concentrations.  Therefore,  the  annual  costs  are  intended  to  represent 


RDD10012E29.WPS 


L8-14 


11^/93 


the  anticipated  average  yearly  cost  of  operation  over  the  life  of  the 
system. 

A  contingency  of  30  percent  has  been  applied  to  the  full-scale  implementation  cost  to 
account  for  possible  project  cost  increases  due  to  scope  and  bid  variations  that  typi¬ 
cally  occur  with  hazardous  waste  remediation  projects.  These  increases  are  typically 
caused  by  the  changes  that  normally  occur  as  part  of  final  design  and  implementation, 
based  on  observation  of  actual  field  conditions/contamination,  and  factors  which  affect 
the  cost  of  subcontracted  services,  such  as  labor  and  material  shortages.  Not  included 
in  the  estimates  are  any  agency  or  Air  Force  administrative  costs,  nor  any  costs  asso¬ 
ciated  with  modifications  of  the  existing  groundwater  treatment  system(s). 

Typically,  order-of-magnitude  cost  estimates  for  general  construction  projects  are 
intended  to  reflect  an  accuracy  of  within  50  percent  greater  to  30  percent  less  than 
actual  costs.  The  estimates  summarized  below  are  expected  to  be  within  these 
ranges;  however,  there  is  greater  imcertainty  of  accuracy  as  a  result  of  the  lesser 
degree  of  development  associated  with  this  innovative  technology  compared  to  gen¬ 
eral  construction  technologies.  Current  pricing  data  based  on  quoted  equipment 
costs,  construction  cost  data  (e.g.,  Means,  1993),  previous  local  project  experience, 
and  engineering  judgment  have  been  used  to  generate  the  estimates,  using  adjust¬ 
ments  for  local  McQellan  AFB  costs  when  available.  Final  project  costs  will  depend 
on  actual  labor  and  material  costs,  actual  site  conditions  at  the  time  of  implementa¬ 
tion,  productivity,  competitive  market  conditions,  final  project  scope  and  schedule, 
contractors  selected  to  perform  activities,  and  many  other  variables.  As  a  result,  the 
final  project  costs  wiD  dLfier  from  the  exact  value  of  any  estimates  presented  here. 

The  following  order-of-magnitude  implementation  costs  are  estimated  for  resin 
adsorption  (presuming  PADRE  system): 

•  Literature  review  will  require  approximately  $9,000  over  a  period  of  one 
year. 

•  Bench-scale  testing  would  cost  approximately  $20,000,  if  necessary. 

•  Pilot-scale  testing  is  estimated  to  cost  approximately  $200,000,  should 
the  ongoing  pilot-testing  at  Site  S  prove  to  be  inconclusive. 

•  Full-scale  implementation  cost  of  a  two-module  system  ranges  from 
$1.6M  to  $3.4M.  This  corresponds  to  a  treatment  cost  of  $2.70/lb  to 
$5.70/lb. 

Key  assumptions  associated  with  the  full-scale  cost  estimate,  in  addition  to  those  pre¬ 
viously  described,  include: 

•  System  operation  is  for  a  period  of  3  years. 

•  VOC  loading  per  unit  is  100,000  Ibs^ear. 
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Condensed  organic  disposal  is  $300/drum. 

Purge  nitrogen  costs  approximately  $3.20/operational  hour;  electrical 
costs  are  $2.30/operational  hour. 

System  monitoring  requires  the  collection  and  analysis  of  four  canister 
samples  per  module  per  month. 


Means,  1993. 
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TECHNICAL  MEMORANDUM  M 


CmHllL 


PREPARED  FOR:  Mcaellan  Air  Force  Base 

DATE:  March  25,  1994 

SUBJECT:  Influent  VOC  Concentration  Estimate 

Groundwater  OU  RI/FS 
Delivery  Order  No.  5066 

PROJECT:  SAC28722.66.FS 


Introduction 

The  objective  of  this  technical  memorandum  is  to  calculate  the  groundwater  influent 
concentrations  for  order-of-magnitude  and  budget  level  treatment  cost  estimates  and 
plant  sizing.  Because  order-of-magnitude  costs  were  used  to  compare  and  rank  alter¬ 
natives,  only  relative  accuracy  was  needed  for  the  preliminary  influent  concentrations 
and  flows.  Therefore,  treatment  plant  sizing  and  cost  estimations  were  performed 
before  the  completion  of  the  groundwater  modeling.  Absolute  accuracy  was  needed 
for  the  final  influent  concentrations  and  flows  for  the  budget  level  cost  estimates. 

This  was  achieved  by  incorporating  the  results  of  the  groundwater  modeling  after 
modeling  was  completed. 

The  strategy,  procedures,  and  results  of  the  influent  concentration  calculations  for  the 
order-of-magnitude  cost  estimates  are  presented  first.  Following  that  will  be  a  discus¬ 
sion  concerning  the  strategy,  procedures,  and  results  of  the  influent  concentration 
estimates  for  the  budget  level  treatment  costs. 


Influent  Concentrations  for  Order-of-Magnitude  Cost  Estimates 
Strategy 

VOC  concentrations  vary  significantly  with  distance  fi^om  the  source  areas.  Concen¬ 
trations  tend  to  be  highest  near  the  source  areas  (centers  of  the  plume)  and  tend  to 
decrease  logarithmically  away  fi^om  the  center  of  the  plume.  For  this  reason,  the 
contaminant  plumes  were  divided  into  the  following  target  areas,  as  discussed  in 
Chapter  2,  Conceptual  Model,  of  the  RI/FS  Report: 
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•  Areas  with  TCE  concentrations  greater  than  500  ^g/1  were  considered 
hot  spots.  They  could  require  separate  hydraulic  control  and  separate 
treatment  trains,  possibly  innovative  technologies.  Influent  concentra¬ 
tions  from  these  areas  would  be  high,  but  extraction  flow  rates  would  be 
low. 

•  Areas  with  TCE  concentrations  greater  than  5  >tg/l  and  less  than 
500  /ig/1  were  considered  the  MCL  containment  areas. 

•  Areas  with  TCE  concentrations  greater  than  1  ^g/1  and  less  than 
500  /tg/1  were  considered  the  background  containment  areas. 

Influent  concentrations  would  be  low  and  extraction  flow  rates  would  be  high  from 
the  MCL  and  background  containment  areas.  Innovative  technologies  would  only  be 
part  of  this  remedy  if  they  are  an  innovation  in  the  treatment  process. 

Influent  VOC  concentrations  from  each  of  the  target  volumes  described  above  were 
estimated.  TCE  is  the  most  prevalent  groundwater  VOC  contaminant.  Thus,  the 
extent  of  TCE  generally  defined  the  target  volumes.  With  few  exceptions,  other 
VOCs  were  detected  only  in  areas  where  TCE  was  detected.  Most  recent  sampling 
results  for  each  well  were  used  to  estimate  the  influent  concentrations. 

Procedure 

The  VOC  groundwater  contamination  was  divided  into  three  distinct  plumes:  the 
OU  A,  OU  B/C,  and  the  OU  D  plumes.  Influent  from  the  OU  A  plume  would  be 
piped  to  a  proposed  treatment  plant  on  the  east  side  of  the  Base.  Influent  from  the 
OU  B/C  and  the  OU  D  plumes  would  be  piped  to  the  existing  treatment  plant  on  the 
west  side  of  the  Base. 

Influent  concentrations  from  the  hot  spots  and  the  containment  areas  were  estimated 
separately  by  taking  the  area  weighted  mean  concentration  of  the  plume  for  each 
zone,  then  compositing  the  zones  to  obtain  the  influent  estimates  for  the  plume.  The 
zones  would  be  composited  by  taking  the  flow  weighted  mean  concentration  for  the 
plume.  The  following  paragraphs  will  discuss  the  steps  taken  and  the  equations  used 
to  perform  these  estimates. 

Area-WeigfUed  Groundwater  Concentrations  by  Plume  and  by  Zone 

Concentrations  of  VOCs  in  the  groundwater  were  contoured  using  linear  interpolation 
as  discussed  in  Appendix  K,  VOC  Mztss  Estimates.  The  concentrations  within  each 
target  area  (hot  spot,  MCL,  and  backgrotmd)  were  estimated  by  taking  an  area- 
weighted  average  of  the  concentrations  within  each  contour.  For  example,  the  areas 
and  concentration  intervals  within  the  background  target  area  of  the  OU  D 
Monitoring  Zone  A  plume  are  presented  in  Table  M-1. 
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Tabte  M-1 

Area-Wetted  TCE  Influent  Concentration  Averages 
for  OU  D  Monitoring  Zone  A  Background  Containment  Area 


Concentratloa 

Interval 

0«/l) 

Average 
Concentration 
within  interval 

(pSP) 

Area  Contour 
Encloses 

(ft*) 

Area  of  Contour 
Interval  Ring 
(ft*) 

Ring  Area  *  Average 
Concentration 
(ft*ag/i) 

1  to  5 

3 

19341,735 

8.943,221 

26,829,663 

5  to  10 

7.5 

10398314 

240,291 

1,802,183 

10  to  100 

55 

10,158323 

3,747,466 

206,110,630 

100  to  500 

300 

6,410,757 

5,200,890 

1,560,267,000 

]  Total  Background  Containment  Area 

18,131,868 

Summation  of  (Ring  Area -Average  Concentration) 

1,795,009,476 

Area- Weighted  Background  Concentration  (Summation/Total  Area) 

98.998 

The  calculations  in  Table  M-1  were  performed  for  the  target  volumes  for  each  zone 
of  each  plume. 

Area-Weigjhted  Concentrations  from  Each  Zone 

The  area-weighted  concentrations  from  each  zone  for  a  given  target  volume  were 
combined  by  performing  flow  weighted  averages.  This  concept  is  illustrated  in  the 
following  equation: 


^ZA  •  ^XA  *  ^ZB  '  ^ZB  *  ^2C  ’  ^ZC 

Qza  Qzb  ‘  Qzc 


where:  is  the  flow-weighted  concentration  in  an  OU. 

is  the  concentration  in  the  A  Zone. 

CjB  is  the  concentration  in  the  B  Zone. 

C2C  is  the  concentration  in  the  C  Zone, 
is  the  flow  from  the  A  Zone. 


R0010012E38.WPS  (GW  RI/FS) 


M-3 


3/25/94 


Qzb  is  the  flow  from  the  B  Zone. 
Q2C  is  the  flow  from  the  C  Zone. 


) 


Table  M-2  list  the  flow  rates  used  from  the  groundwater  model. 


Table  M-2 

Summary  of  Extraction  Rates  by  Zone 
(gpm) 

Background  Plume 

lant  A 

Zone  B 

Zone  C 

Total 

OU  A 

90 

60 

0 

150 

OUB/C 

72 

180 

462 

714 

OUD 

30 

75 

0 

105  I 

Total 

192 

315 

462 

969  1 

Concentrations  from  the  West  Treatment  Plant 

The  influent  concentrations  from  the  OU  B/C  and  the  OU  D  plumes  were  combined 
to  be  channeled  to  the  west  treatment  plant  by  taking  flow-weighted  averages.  This 
process  is  illustrated  in  the  following  equations: 


C  west  plant 


^aic  •  ^a/c  *  '  Qp 

^BC  *  Qd 


Where:  C  is  the  flow-weighted  concentration  to  the  west  treatment 

plant. 

Cg/c  is  the  flow-weighted  concentration  from  OU  B/C 
(from  Equation  1). 

Cq  is  the  flow-weighted  concentration  from  OU  D  (from 
Equation  1). 

Qb^  is  the  flow  from  OU  B/C. 

Qq  is  the  flow  from  OU  D. 
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Summary  of  Influent  Concentrations  for 
Order-of-Magnitude  Cost  Estimates 

Hot  spots  (VOC  concentrations  greater  than  500  ^g/1)  were  located  only  in  Monitor¬ 
ing  Zone  A.  The  flow  weighted  concentrations  of  several  VOCs  examined  during  the 
treatment  plant  sizing  and  order-of-magnitude  cost  estimates  are  presented  in 
Table  M-3. 


Table  M-3 

Order-of-Magnitude  Influent  Concentration  Estimates  Oig/I) 

1  West  Treatment  Plant 

East  Treatment  Plant  | 

Parameter 

Hot  Spot 

MCL 

Background 

Hot  Spot 

MCL 

Background 

TCE 

3697 

33 

17 

4559 

21 

57 

1,2-DCA 

.2 

12.3 

12.4 

6.5 

12.7 

12.7 

1,1-DCA 

7.2 

1.0 

1.1 

1.6 

1.6 

1.3 

1,1,1-TCA 

185 

12.2 

6.7 

840 

0 

1.9 

Acetone 

148 

6.5 

5.6 

520 

2.2 

3.3 

Methylene 

Chloride 

232 

.1 

1.9 

2.9 

0 

0 

Future  conditions  were  assessed  in  determining  the  validity  of  using  area-weighted 
averages  for  the  hot  spot  target  areas.  The  following  assumptions  were  made: 

•  The  initial  concentration  in  the  extraction  well  was  considered  the  cur¬ 
rent  estimated  value  at  that  location. 

•  The  concentration  gradients  in  the  hot  spots  are  steep. 

The  future  concentrations  can  be  predicted  from  surrounding  concentrations.  Using 
flow-  and  area-weighted  averages,  a  lower  concentration  area  of  a  hot  spot  in  the 
future  may  have  higher  concentrations.  Conversely,  the  highest  concentration  area 
may  in  the  future  have  lower  concentrations.  Therefore,  the  area-weighted  mean 
concentration  will  provide  a  reasonable  estimate  of  the  influent  concentration  and  is 
valid  even  in  hot  spot  areas. 
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Influent  Concentrations  for  Budget  Level  Cost  Estimates 


Strategy 

The  order-of-magnitude  cost  estimates  and  treatment  plant  sizing  concluded  that 
treating  the  hot  spot  and  containment  area  influents  separately  would  not  be  more 
efficient  or  economically  feasible  than  treating  them  together.  Therefore,  influent 
concentrations  from  the  hot  spots  were  not  calculated  separately,  but  were  included  in 
the  containment  target  volume  influent  concentrations.  The  target  volumes  identified 
for  the  budget  level  cost  estimates  were  as  follows: 

•  Areas  with  TCE  concentrations  greater  than  5  /tg/1  were  considered  the 
MCL  containment  areas. 

•  Areas  with  TCE  concentrations  greater  than  0.5  ^g/1  were  considered 

the  background  containment  areas.  ^ 

•  Areas  with  cancer  risk  values  greater  than  were  considered  the  risk 

target  volumes.  " 

Because  TCE  is  the  most  prevalent  VOC  contaminant,  the  MCL  and  background 
target  volumes  were  defined  by  TCE  concentrations.  Generally,  when  other  VOCs 
were  detected,  TCE  was  also  measured  at  detectable  levels. 

Procedure 

Because  hot  spots  need  not  be  isolated,  it  was  possible  to  automate  and  greatly  sim¬ 
plify  the  estimation  of  influent  concentrations.  Influent  concentrations  in  the  MCL, 
background,  and  risk  target  volumes  were  estimated  by  performing  statistical  analyses 
on  wells  with  concentrations  or  risk  values  exceeding  the  criteria  previously  listed. 

The  following  paragraphs  de  -^ibe  the  procedures  followed  to  estimate  influent 
concentrations  for  the  bud  ‘  -  .^el  cost  analyses. 

Monitoring  wells  were  divided  into  two  groups  to  estimate  the  east  and  west  treat¬ 
ment  plant  influent  concentrations.  The  samples  from  weUs  with  easting  coordinates 
greater  than  2,169,853  were  considered  to  delineate  the  target  volumes  on  the  east 
side.  The  samples  from  wells  vnth  easting  coordinates  less  than  2,169,853  were  con¬ 
sidered  to  define  the  target  areas  on  the  west  side. 

The  most  recent  VOC  sampling  results  for  each  well  sampled  during  or  after  1988 
were  used  to  identify  the  wells  with  concentrations  greater  than  MCLs  or  background. 
The  most  recent  risk  values  were  used  to  identify  wells  with  risk  values  greater  than 
lO"^.  Once  these  wells  were  identified,  summary  statistics  of  all  the  most  recent 
results  of  all  these  selected  weUs  were  performed  to  determine  the  mean  influent 
concentration  from  these  target  volumes.  For  example,  63  weUs  on  the  west  side  had 
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more  recent  TCE  sampling  results  greater  than  5  /*g/l  (MCL  target  volume). 

Summary  statistics  were  calculated  for  all  sampling  results  at  those  63  wells. 

.Summary  statistics  include  number  of  detects,  number  of  samples,  frequency  of  detec¬ 
tion,  and  minimum  and  maximum  detected  value  and  mean  concentration.  Nondetect 
values  were  made  equal  to  zero  for  these  statistics  because  in  many  cases  of 
frequently  nondetect  compounds,  the  detection  levels  were  high.  The  summary  statis¬ 
tics  results  for  the  background  MCL  and  risk  target  volumes  on  the  east  and  west 
sides  of  the  Base  are  presented  in  Table  M-4  through  M-9. 

Summaiy  of  Influent  Concentrations  for 
Budget  Level  Cost  Estimates 

The  influent  concentrations  for  budget  level  cost  estimates  are  summarized  in 
Table  M-10.  These  budget  level  influent  concentration  estimates  for  the  target  vol¬ 
umes  are  considerably  higher  than  the  order-of-magnitude  influent  concentration  - 
estimates  for  the  target  volumes  because  they  include  the  concentrations  from  the  hot 
spots,  whereas  the  order-of-magnitude  concentrations  isolated  the  hot  spots.  The 
order-of-magnitude  estimates  isolated  hot  spots  from  the  MCL  and  risk  target  vol¬ 
umes.  For  example,  order  ofrnagnitude  influent  concentrations  from  the  MCL  target 
volumes  came  from  regions  where  TCE  concentrations  were  greater  than  5  /tg/1  and 
less  than  500  /ig/1.  Conversely,  budget-level  influent  concentrations  from  the  MCL 
target  volume  came  from  regions  where  TCE  concentrations  were  greater  than  5  /ig/1, 
including  the  hot  spots. 

In  addition,  since  background  concentrations  have  not  been  established,  it  is  not 
possible  to  differentiate  between  metals  concentrations  due  to  natural  conditions  such 
as  mineral  dissolution  and  metal  contamination  from  Base  activities. 

The  impact  of  metals  concentrations  on  the  effectiveness  of  the  treatment  system  has 
been  discussed  in  Chapter  13,  Implentation  Plans/Detailed  Evaluation.  The  influent 
concentrations  of  metals  were  calculated  in  the  same  maimer  as  influent  VOC  con¬ 
centrations.  Summary  statistics  were  performed  on  the  second  and  third  quarter  1993 
metals  sampling  results  of  wells  that  are  located  within  the  MCL,  risk,  and  back¬ 
ground  target  volumes.  The  target  volumes  were  determined  by  VOC  concentrations. 

The  influent  concentrations  for  the  three  target  volumes  to  the  east  and  west  treat¬ 
ment  plants  are  presnted  in  Tables  M-4  to  M-14.  As  discussed  in  Section  4,  Con¬ 
ceptual  Model,  it  is  not  possible  to  determine  how  these  samples  were  collected,  i.e., 
filterred  or  unfiltered  or  with  high  or  low  purge  rates. 

The  estimates  for  vinyl  chloride  are  conservative,  because  vinyl  chloride  has  not  been 
detected  in  any  weUs  since  1991.  The  calculations  included  all  sampling  results  for 
wells  with  most  recent  values  with  the  target  volume  criteria. 
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Table  M-S 

VOC  Influent  Concentrations  From  the  Background  Target  Volume  to  the  West  Treatment  Plant 


Calculations  performed  on  data  set  are  presented  in  Chapter  4,  Conceptual  Model. 

The  mean  was  calculated  with  nondetects  as  zero.  Thus,  in  some  cases  the  mean  may  be  less  than  the  detection  limit. 
Only  parameters  that  were  detected  at  least  once  are  presented . 
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Metals  Influent  Concentrations  From  the  MCL  Target  Volume  to  the  West  Treatment  Plant 


G^4uenVlaM_lln<iel^mey^lnubles\TAbLM•  1 5.X1,S 


TECHMCAL  MEMORANDUM  N 


OQMHIIL 


PREPARED  FOR:  McQellan  Air  Force  Base 


DATE: 

SUBJECT: 


November  6,  1993 

Production  Well  Piunping  Information 
Groundwater  OU  RI^  Report 
Delivery  Order  No.  5066 


PROJECT: 


SAC28722.66.DA 


Introduction 

The  purpose  of  this  technical  memorandum  is  to  describe  the  procedures  used  in 
coUecting  information  on  production  wells  within  a  5-mile  radius  of  McQeUan  AFB. 
This  technical  memorandum  also  smnmarizes  availability  of  data  for  these  wells. 
Compilation  of  data,  discrepancies  foimd  in  some  of  the  data,  pumping  distribution 
and  impacts,  and  potential  future  pumping  condition  are  also  discussed. 


Compilation  of  Data 

Construction  data  and  cumulative  pumpage  information  have  been  summarized  for  all 
wells  within  a  5-mile  radius  of  McQellan  AFB.  These  weUs  are  shown  in  Figure  N-1 
(located  in  a  pocket  at  the  end  of  this  appendix).  The  production  well  owners  within 
the  specified  radius  include  McQellan  ATO,  Arcade  Water  District,  Caltrans, 
Northridge  Water  District,  Rio  Linda  Water  District,  City  of  Sacramento,  Del  Paso 
Water  Agency,  Carmichael  Water  Agency,  and  Sacramento  County. 

A  summary  of  contacts  made  and  the  type  of  data  obtained  are  included  in 
Table  N-1.  No  information  was  obtained  fi-om  Del  Paso  or  Carmichael  Water 
Agencies  since  their  wells  are  located  near  the  perimeter  of  the  5-mile  radius  and 
they  do  not  piunp  large  quantities  of  water.  Sacramento  Cotmty  also  has  two  wells 
near  the  perimeter  of  the  5-mile  radius  for  which  no  information  was  obtained. 

Many  sources  were  reviewed  to  obtain  construction  and  piunpage  information. 
Initially,  existing  documents  were  reviewed  to  determine  the  extent  of  available  data. 
Radian  Corporation  was  also  contacted  for  information  on  these  wells.  The  main 
references  consulted  in  compiling  data  include  the  following: 

•  E>ewdnte  and  Stowell,  Consulting  Engineers.  1981.  Arcade  Water 
District  Operations  Plartaing  Project,  Water  Master  Plan.  August. 
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•  CH2M  HILL.  1992.  WeU  Closure  Methods  and  Procedures  Phase  II 
Delivery  Order  5031  McClellan  AFB.  August. 

•  CH2M  HILL.  1990.  Draft  Well  Qosure  Methods  and  Procedures. 
December. 

•  Radian  Corporation.  Production  WeU  Data  for  McQellan  AFB  and 
Municipal  WeUs  (Quarterly  Reports  for  1990,  1991,  and  1992;  second 
quarter  report  not  available  for  1992). 

•  Luhdorff  &  Scalmanini,  Consulting  Engineers.  1984.  Final  Report 
Sealing  of  Base  Wells,  McClellan  AFB,  California.  February. 

WeU  owners  were  contacted  first  through  the  initial  screening  workshop  held 
August  10,  1993,  (McQeUan  Air  Force  Base  Contaminated  Groundwater  Cleanup 
Workshop).  Water  purveyor  attendees  included  the  foUowing: 

•  Ernie  Rinde— Caltrans 

•  Mike  Crooks— Sacramento  County 

•  Ben  Sanchez— Rio  Linda  Water  Agency 

•  Ed  Schnabel— Sacramento  Metropolitan  Water  Agency 

•  Walt  Libal/C.  J.  DiPietro- Arcade  Water  District 

•  Jim  Mulligan -Citizens  UtiUties 

A  foUowup  memorandum  was  then  sent  to  those  attendees.  FoUowup  calls  were 
made  to  the  major  water  purveyors  and  an  information  request  memorandum  was 
fenced  to  them.  These  major  water  purveyors  include  Citizens  UtiUties,  Northridge 
Water  District,  Rio  Linda  Water  Agency,  and  City  of  Sacramento.  Caltrans  was  not 
contacted  beyond  the  foUowup  caU  because  they  had  sent  in  aU  available  information. 
Arcade  Water  District  was  not  requested  to  provide  construction  data  since  that  infor¬ 
mation  was  obtained  from  the  Arcade  Water  District  Master  Plan. 

Specific  data  requested  of  most  of  the  purveyors  included  the  foUowing: 

•  WeU  ID  number 

•  WeU  name 

•  Location  information  (street  address  and  c(X)rdinates) 

•  Depth  to  screen 

•  Length  of  screen  interval 

•  Casing  diameter 

•  Average  aimual  weU  pumping  rate 

•  Annual  cumulative  pumpage  from  1954  to  1993 

•  Specific  capacity 

•  Estimated  future  pumping  rates 

•  Anticipated  future  changes  in  groundwater  management 
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Almost  all  the  water  districts  sent  the  requested  information.  Most  of  the  information 
on  the  weU  locations  was  received  from  the  County  of  Sacramento.  The  County  sent 
a  well  site  location  map  for  the  Sacramento  Area  Water  Works  Association 
(SAWWA)  Well  Testing  Program  and  a  diskette  containing  the  computer  file  for  the 
map  in  AutoCAD  format  as  well  as  the  database  inventory  of  the  wells  in  dBASE 
IV  format.  The  database  file  contains  state  well  numbers  and  California  coordinates 
(northing  and  easting)  for  the  wells  that  are  tested  in  the  well  testing  program.  The 
City  of  Sacramento  is  not  included  in  this  program. 

Construction  data  are  summarized  in  Table  N-2.  Construction  data  were  obtained  in 
different  formats.  Well  drillers’  reports  were  sent  by  Citizens  Utilities  and  the  City  of 
Sacramento.  Northridge  Water  District  sent  a  sununary  list  of  the  data  requested. 

Rio  Linda,  Caltrans,  and  McOellan  AFB  well  construction  data  were  obtained  from 
Radian. 

Pumpage  data  are  summarized  in  Table  N-3.  Pumpage  data  also  came  in  different 
formats.  Citizens  Utilities  and  Northridge  sent  annual  volumes  and  the  City  of 
Sacramento  sent  monthly  volume  reports.  Monthly  volumes  for  McClellan  AFB  were 
obtained  from  Form  1461,  which  was  copied  from  microfiche  records  at  the  Base. 

Rio  Linda  and  Arcade  information  came  from  Radian.  These  two  purveyors  are 
being  contacted  for  more  information. 

Caltrans  sent  a  gross  weekly  pumping  volume  that  is  actuaUy  based  on  the  pump 
capacity  and  pumping  rate  from  1989,  back  to  about  1979,  for  the  irrigation  season. 
These  numbers  are  not  actual  pumping  volmnes  since  no  voliime  is  measured. 
Caltrans  information  on  construction  and  cumulative  pumpage  was  not  piirsued  since 
the  gross  pumping  volume  indicated  that  Caltrans  did  not  pump  large  quantities  of 
water. 

Data  Discrepanices 

Figure  N-1  was  created  from  information  from  Radian  and  SAWWA.  The  AutoCAD 
file  was  plotted  and  checked  against  District-supplied  well  location  maps.  The  wells 
were  off  graphically  in  a  southwestern  direction  because  of  the  map  base  in  the 
AutoCAD  file.  These  well  locations  were  adjusted  to  match  the  water  district  map 
locations.  McQellan  AFB  wells  located  by  coordinates  were  moved  to  align  with  the 
map  base  using  Radian  information  as  a  guide. 

Some  discrepancies  were  found  when  compiling  the  data.  The  conflict  was  typically 
resolved  by  adhering  to  the  information  supplied  by  the  water  district.  When  district- 
supplied  information  was  not  available,  the  most  reasonable  information  was  used. 
Decisions  are  documented  on  the  tables  where  necessary.  Well  names  need  to  be 
verified  in  Table  N-3. 
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Table  N-2 
Production  Well  Construe 
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Table  N-2 

Well  Construction  Information 


2250  Pitk  Estates 


IWtKubdCifck 


25S0BeUSlnet 


2798Rubic(n 


2625Wrendt]eWa 


4308  Ravtowood  Avenue 


3351  Potter  Lane 


2500  Maiooni  Avenue 


Santa  Anita  Paik 


295ICaldetwoodLane 


2520  Marconi  Avenue 


a  Drive 


QubLane 


3330  Balmoral  Drive 


3812  West  Wa 


2445  Marconi  Avenue 


3858  Woodcrest  Road 


4501  Marconi  Avenue 


6503  Meiioae  Drive 


Red  Robin  Lane  (end) 


2 1 1 6  Rodcbtidge  Road 


Root  Avenue  and  Eden  Court 


Auburn  Avenue  and  Norris 


6503  La  Cienga  :>ive 


4421  Ulysses  Drive 


3405  Watt  Avenue 


End  of  Mone  Ave  and 


3830  Wan  Avenue 


6900  Thomas  Drive 


2736  Auburn  Boulevard 


1812  Iris  Avenue 


3927  Marconi  Avenue 


3101  ThiaxCoun 


604gGillinanWa 


1848  Jamestown  Drive 


6820  Weddigan  Avenue 


4833  Noth  Avenue 


Faiihaim,  Notifa  end 


7416  Watt  AveniK 


32nd  Street 


3948  Bainbridee  Drive 


Between  4528  and  4534  Whi 


Galbrailfa  and  Hutchins 


Merrily  Way.  East  end 


33 1 2  Eastern  Avenue 


Arden  and  Watt  Avenues 


2800  Hilklale  Road 


12  Building  231 


12  |Buikling232 


SW  in  Held  near  Ben  Avenue  and  Kilzer  Avenue  -  near  BW-19 


ll/5«3  2:10  PM 


Scree 

End 

BdowTG 


Table  N-2 

Well  Construction  Information 


Not  Watt  Avouie  and  Rosevilk  Road,  off  the  base 


Near  Patrol  road  and  Buildines  714  and  715 


Near  Building  429 


Building  91 


200  -  on  old  maps  near  BW-20 


East  near  Building  93  on  O'Malley  Avenue 


E  of  the  Base,  near  Watt  Avenue  and  Winona  Street  -  located  on  old 


Buildiog  395 


Building  614 


No  Data  ISite  22  on  Paliol  Road -located  on  old 


16  iBuilding  699 


SW  near  Building  664  on  Winters  Street 


SW  in  field  near  Bdl  Avenue  and  Kilzer  Avenue  -  near  BW-3 


lot  south  of  Building  220 


Neat  Building  689 


Near  Building  1445 


Near  Building  1445 


Near  Building  1445 


Neat  Building  1099 


Near  Building  1082 


Unknown 


Unknown 


EUSSIIEHEB  ^ 


West  of  Wan  Avenue,  above  W/B 


End  of  the  W/B  off 


End  of  the  Orangegiove  Avenue  off  Auburn  Boulevard 


W/B  Business  80  East  of  Fulton  Avenue  next  to  Haggin  Oaks  Golf  Course 


Aiden  Way  West  of  Business  80  Interchange  by  Wonder  Bread 


1 20  N  of  Andrea  Blvd.  and  Leatherwood  Drive  (Larchmont  Foothills) 


Lot  A,  Andrera  Boulevard 


PFE  Road  (Nonh  Highlands) 


hWeU 


X  1/4  mi.  Soidh  of  Elvetta  Rd.,  I  mi.  West  of  Watt  Avenue 


2  mi.  West  of  Watt  Avenue,  400'  East  Elveru  Road 


32nd  and  U  Streets  (Rio  Linda) 


Diablo  Drive  (Foothill  Oaks  Sub.)  _ 


35(7  E  of  Antelone  Road,  I5(X7  N  of  Auburn  Blvd.  (Foothills  Fann Trust) 


Heights 


1 8(X7  North  of  Auburn  Boulevard.,  2(XX7  West  of  Antelope  Road 


Howe  Avenue 


Comer  Lot  Prior  Way  and  Elveru  Road 


NE  of  Intersection  of  Hague  Way  and  Rhine  Way,  Notth  of  Elverta  Road 


I  mi.  NE  of  Notth  Highlands.  1/2  mi  N  of  Greenback  and  Roaeviiie  Road 
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Table  N-2 

Production  Well  Constructi 


WettName 


lunaaiaR 


62  Scadmi 


73  |ViM«ai(MeroBilet) 


79  I  Wan  Avenue 


OeksCialfCoune 


Oiks  CMf  Come 


OeksOolfCoune 


OsksOoifCoune 


9t  l2S07Natthview  Drive, 


92  INonliviewaadB 


93  1 636  Teneyi  Avenue 


94  Is.  end  K  Mat.  behind  Mock  waU 


109 


110 


III 


112  1018  Calvados  Avenue 


114  ISwansaonPlant 


116  1 702  Plaza  Avenue 


117 


119 


120  12938  Branch  Street 


122  149SJulieaae  Avenue 


123  NevRJL  and  Canal 


124  202DaivUkWa 


123  I  Paiibanks  and  Noranod  Avenues 


126  I  I4ih  and  Riviera 


127  1639  Arcade  Avenue 


129  1 806  Harris  Avenue 


131  1 1660  North  Avenue 


132  13933  Astoria  Avenue 


133  4600  PeU  Drive 


134  330  Bell  Avenue 


Park 


Paric 


137  Del  Ptao  and  Los  Rubles  Blvdi. 


138  4106  BeU  Street 


142  |2S86NanvaodAvenie 


143  3001  Rio  UndaBlvd. 


144  il709EldridseAvenue 


ISO  4200  Astoria 


ISI 


153  I  Main  Avenue  and  Rio  UndaBlvd. 


134  3310  Dry  Qeek  Road 


ISS  2320  Roanoke  Avenue 


136  iTribute  Road  aid  S.R.  160 


Road 


102 


Avakai 


ir»?  I  iL'.i'i.ij  11111.17?? 

laSSEEBEEr 


2188870 


2I72SS0 


2188320 


2196630 


2173660 


2169660 


2168780 


2169340 


2I7I0I0 


2171720 


2173300 


2149346 


2149723 


2IS0I64 


2IS0I3S 


2134217 


2155530 


21 36309 


2160171 


2160744 


2137622 


2160796 


2163495 


2160301 


2163601 


2IS296I 


2IS424S 


21 35968 


2161728 


2163480 


2138400 


2163930 


2167070 


2132238 


2153901 


2162455 


2162233 


2165900 


2161300 


2133388 


2155771 


2138938 


2164030 


2167340 


2132041 


2138156 


2160733 


2168340 


2139828 


2164830 


2132412 


2180360 
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Table  N-2 

Well  Construction  Information 


lOONalharHi 


near  DriuMB  Tlieilie,  comer  Sandalwood  nd  Caddu 


ltoad,ISarS/RaaeviUe 


Van  Mann  (Mercedes) 


NW  of  Watt  Avenue  and  Bladdoot  Way  Menectian 


3  Mockt  Saudi  of  Arden  and  I  bkxdc  Weatof  SEoonerofTnct 


ISO  East  or  BeU  Stteel,  dS- Nonfa  of  Wyda  Wa 


Auburn  Road  and  Mlon 


I  lOO  Nofth  or  Auburn.  100  Weal  or  Fultan 


Auburn  Road  and  ndtoo 


Auburn  Road  and  Hthon 


and  Wen  El  Camina  Avenues  -  Noilh  Weal  Comer 


99T  W  oT  utteaecdoo  oT  Lower  Marysville  Road  and  Bowman  Avenue 


Saudi  side  oTTenaya  Avenue,  anuox.  lOO  eastoT  Northcale  Drive 


NW  oT  lower  Marysville/ San  Juan  Roads  (200  W,  TS*  N  oT  Ibis  juncdon) 


Road 


No  Data  on 


1 01 8  Calvados  Avenue 


Swansicn  Plant 


702  Plaza  Avenue 


2938  Branch  Street 


I49S  JuBesse  Avenue 


Near  R.R.  and  Canal 


Fairbanks  and  Norwood  Avenues 


I4di  and  Riviera 


I6S0  Aicwie  Avenue 


806  Harris  Avenue 


1660  North  Avenue 


3(X)' West oTAitatia  Avenue, 210 Souther  NorthAvenue 


6(X7  East  oT  Fell  Street.  H  mi.  South  oT  Main  Street 


and  Austin 


wood  Park 


1 20  West  or  Marysville  Boulevard.  300  South  or  Los  Robles  Boulevard 


Del  Paso  and  Los  Robles  Blvds. 


350  North  oT  North  Averme,  SO  East  oT  Fell  Street 


75*  West  oT  Grove  Averaie,  600 '  North  oT  El  Camim 


3(XJ  West  oT  Rio  Linda  Blvd.,  SO '  North  oT  Acacia  Street 


and  Arcade 


630  South  oT  Bell  Avenue,  60  East  oT  Astoria 


Jefferson  and  Levie 


Main  Aveawe  and  Rio  Linda  Boulevard 


Creek  Road 


240  W  or  Watters  Avenue,  60  S  or  Roanoke  Street  N 


SW  comer  orTtibitte  Road  (Cal  EXPO  Area)  _ 


SW  or  Challenge  Way.  IQO  NE  or  Responae  Road 


End  oT  Bowman  Street  and  East  Narthgale  Blvd 


Si  &  &  g  g  I  g  g  g  g  g  I  g  g  g  g  g  g  I  g  I  g  I  g  g  g  £  g  g  i  i  §  §  i  i  g  i  §  i 


■ 

kil.  t 

■ 

WcU 

IJ>. 

JSl 

WeUNaine 

Noithins 

Eastioc 

2 

Matyal 

342770 

2179980 

3 

4110Uiik 

343210 

2178880 

6 

4268  Unk 

343210 

2181440 

_ 

7 

Buuno 

34S210 

2178440 

8 

Watt 

343210 

2176970 

1 

Evomen 

3S6660 

2182320 

3 

Enle 

3S1720 

2184880 

5 

Hilbdale 

2183860 

6 

Palm 

36S210 

2190440 

7 

Roaebud 

366770 

2190770 

8 

Held 

2192640 

9 

Camerao 

3S8440 

2189090 

10 

WalnM 

3636S0 

2185870 

11 

Dublo 

366880 

2185430 

12 

SLxAn 

3S6880 

2191980 

14 

357760 

2173540 

IS 

cabana 

365540 

2182760 

17 

Oakdale 

359890 

2177200 

18 

MoCkud 

369320 

2185430 

19 

Latchmont 

331100 

2181440 

20 

Cypeeaa 

354880 

2188100 

21 

Yucca 

359890 

2179870 

22 

River  Collese 

339890 

2184880 

23 

Heeway 

361650 

2183780 

24 

Donbdio 

372880 

2182320 

25 

Sutter 

374330 

2181880 

26 

Moouraenl 

376660 

2184880 

27 

XameattwHi 

361100 

2196550 

WEM 

Oakbrock 

366286 

2197248 

mm 

364000 

2192780 

30 

PaikOaka 

367540 

2195640 

31 

Baiwt  Meadpeu 

359540 

2193660 

32A 

Poker  Lane  Na  1 

379660 

2191220 

PiofcarLaneNa2 

381000 

2191200 

1 

Nunbcrl  -OCRoe 

372660 

2157330 

2 

Nadbar  2  -  6*  and  E  Soeen 

374880 

2156420 

3 

l«Httbar3-ISlaeel 

371340 

2153520 

4 

Nuadhar4 

368770 

2160000 

S 

E:"HCTgE!5— 

384770 

2152100 

6 

379210 

2160660 

7 

HiHdher7 

376880 

2157330 

8 

2349EldHmBflalevad 

373860 

2167760 

9 

Efthan  Boulevaid  nd  W  4(li  Sttaei 

371430 

2151000 

10 

1 '  H  'iV  '■< ' J : 

367450 

2154440 

11 

Nun*arl2 

370990 

2165890 

NuMbarll 

372550 

2157330 
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Table  N-2 

-  Well  Construction  Information 

Screen 

Begin 

iwTOCftt) 

Depth 

to 

Screen  (ft) 

Screen 
Interval  (ft) 

Screen 

Begin 

b|^(ft) 

Screen 

End 

b»(ft) 

Caring 

Diameter 

(in) 

Ixicatiaei 

<80 

129 

14 

ISO 

135 

14 

210 

162 

14 

n/a 

oAi 

14 

235 

a/t 

14 

330 

165 

14 

220 

300 

14 

225 

300 

14 

250 

310 

14 

200 

324 

r 

14 

206 

264 

N 

16 

Jet  Coon  and  Onqge  Drove 

205 

216 

14 

220 

300 

14 

293 

276 

14 

243 

372 

14 

350 

240 

14 

214 

192 

14 

240 

300 

14 

270 

270 

14 

260 

240 

14 

260 

270 

14 

316 

122 

16 

180 

350 

14 

172 

nte 

14 

258 

243 

14 

168 

234 

14 

180 

iVa 

14 

240 

80 

16 

240 

195 

14 

NoCMa 

NoDatt 

NoDaU 

NoDiU 

'5 

^caideMial  L  Sirael.  near  RJL 

NoDna 

NDlMa 

NoDau 

No  Data 

15 

"O’andddiSlieeta 

375 

375 

NoDMt 

12 

No  location  intonnalian 

NoOna 

NoDau 

NoDau 

NoDau 

No  location  Monnation 

188 

287 

188 

475 

ION 

SO  Weal  aide  of  Rio  Linda.  Blvd. .  N  mi.  Noith  of  Elvetu  Bouievaid 

445 

445 

NoDUa 

14 

No  location  mCmmation 

180 

121 

180 

301 

12 

M  mi.  Noith  of  Rio  Linda  Rr  Station,  .4  nti.  Eaat  of  Rio  Lmda  Boulevard 

243 

142 

243 

385 

14 

330  Weal  of  241b  St-  RioLbida.30NonbofEUianiBoidevml 

435 

24 

435 

459 

12 

SW  Camer  Lot  99.  Hiiti.EafRR  trade.  1  mlWof  Rio  Linda  Boulevard 

340 

9 

340 

349 

14 

l»  mi.  South  of  Rio  Linda,  lOO  Eait  of  MaqravUle  Boulevard 

202 

210 

202 

412 

16 

EOdwen  to  20lb  Soinh  14  mi.  Eaat  Side 

210 

580 

16 

No  location  Mbraiatioo 
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Table  N-2 
Production  Well  Coostnicti 
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Sc 

I 

Below 


WeUI 
IJ>.  I 

WcONaine 


(a)  Purveyor  Acronyms  and  Data: 

ARC-  Arcade  Water  District 
BW  -  McOeUan  Air  Force  Base 
CM  -  Cumichael  Water  Agency 
CT  -  Caltrans 

CU  -  Citizens  Utilities 
CW  -  City  of  Sacramento 
DP  -  Del  Paso  Water  District 
NR  -  Northridge  Water  District 
RIO  -  Rio  Linda  Water  District 

Well  depth  infomtatioo  for  BW  wells  is  from  LUHDORFF  &  SCALMANINI  Final  Report  Sealing  of  Base  Wells,  February  1984. 

Data  for  ARC  wells  taken  from  Arcade  Water  District  Operations  Planning  Project,  Water  Master  Plan  1981,  Table  7-S,  Radian  rfaia 
Information  on  Caltrans  (CT)  wells  was  provided  by  Caltrans. 

Northridge  Water  District  (NR)  constnictioa  data  and  pump  rate  informatioo  was  obtained  from  Northridge  Water  District ,  with  the  exception  of  ground  elevation  dab 

(b)  Well  LD.  s:  number  used  by  SAWWA  if  purveyor  is  member  of  that  organizadon,  otherwise  provided  by  purveyor.  TOC  above  msl  for  RIO  Wells  No.4  and  No.8  is 

(c)  Screen  Interval  italicized  indicates  a  calculated  value  from  information  provided. 

Key  to  abbreviations: 

OB  s  open  bottom 
NO  =  not  given 
n/a  =  not  available 

SAWWA  =  Sacramento  Atea  Water  Works  Association 
?  -  Unknown  well  names  or  well  names  that  have  not  been  verified. 

Toe  a  Top  of  Casing 
bgs  a  Below  Ground  Surfatx 

Note:  Disciei>ancies  in  rfatta  are  the  result  of  combining  informatioo  from  many  different  sources.  These  discrepancies  will  be  resolved  in  the  fmal 


OAuwfS\da\luniefU06ATiMeN-2j(ls 


Table  N-2 
!i  Well  Coostniction  Information 


Screen 

Screen 

Depth 

Screen 

Screen  j 

Screm 

r.a!th>g 

Be^ 

End 

to 

Interval  (ft) 

B««to 

End 

Diameter 

wmmm 

(0 

MM 

(in) 

Location 

^  )f  grourd  elevation  data,  which  was  taken  from  the  Nottbridge  Water  District  Map  or  SAWWA. 
^  Veils  N  and  No.8  is  from  Radian  (Radian  calls  it  elevation). 


_  report 
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Table  N-3 

l^ell  CiBiHiladTe  Piunpage  Data 
Band  Galktaa  Pfer  Year) _ 


1962 

1981 

1900 

1979 

1978 

1977 

1976 

1975 

1974 

1973 

1972 

1971 

1970 

Refereoce 

(c) 

Rjdin 

' 

• 

" 

■ 

■ 

IlKfaa 

■ 

• 

■ 

■ 

■ 

■ 

• 

I 

• 

1 

* 

1 

■ 

i 

- 

i 

336,17g 

142,942 

AFB[>«al461 

',248,441 

99,921 

AFBIMal461 

,  383 

17,363 

AFBD«tl461 

• 

307,412 

138,634 

AFBDM1461 

' 
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Table  N-3 

Production  Well  Cumulative  Pumpi 
(Thousand  Galkuis  Per  Yea 


ciszic3iac!mai 


474050 


40.172  I  107,030 


NIS  NIS 


501.010  391.440 


 E2E1I 


494 

105 

134 

147 

113 

60 

2344 

158 

gTTWTTlEESlEB^ 


EE^EZESlEazai 


30.752 


378  6.143 


7.917  7,013 


■^rjataKlEBEJ 

Ena 


16.624  53,137  11,765  10.936  21.196 


117340  147.270  95351  92.449  1  97306 


65.725  144.830  134370  I  2.257 


223 


116 


90373 


1394  1368 


10.988  I  10.986 


EIZZlEIEIll 


SE3E;S!!lEgl3Kl^Vg.lEiAglEgai 


■  Ifi  ■  g  Vli>M  ■  C!  ■  tj’lrIM 
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Table  N-3 

Ml  Well  Cumulative  Pumpage  Data 
fhousand  Gallons  Per  Year) 


>83  I  1982  I  1981 


1979 

1978 

1977 

1976 

1975 

1974 

1973 

1972 

1971 

1970 

lEUSLlllEililll 


AFBDaU)461 


AFBD*al461 


AFB  Dau  1461 


|tmT:i»TOET!^»'ni/>«n  nrn 


387,120 


NIS  NIS 


NIS  NIS 


NIS  NIS 


16,787 


244S3  129J00 


2,487  996 


9378 


6,414  1327 


3.922 


42311  47,108 


244 


lauziiEiizaiEnzii 


MB  NIS  NIS 


1344  2,793  I  521 


21.196 


2357  I  7346  I  18327 


32  27 


4378 


HQESII 


14353  46,729 


2.639 


14.403 


10,117  24.113 


6,702  54358 


28332 


8367  34.927 


62.446 


lEMiucmi 

_ 


NIS  I  NIS 


11309  16,638 


10,919  I  34.299 


NIS  NIS 


17,729  NIS 


113340  I  NB 


"TTry 


29.157  57,670 


llM3gBSilI3ElgIE110igE3Ell 

~aiaiIlE3glE!lBE3ilLi^ 
^ESaiSESlEIElEgElEagli 


IEgglBiaglE3EaEBE51EE3Eagll 


lEEJEElEEagSIElEgElEI^ 


Gtizem 


Qtacm 


Qtizem 


Qtuxm 


Qtiaem 


Qtaenf 


Qioem 


Qtixens 


Gtizem 


Gtizeos 


Gtizens 


Gtizens 


Gtizens 


GtizeRS 


Gtizens 


Gtizens 


Gtizens 


Gtizens 


Gtizens 


Gtizens 


Gtizens 


Gtizens 


Gtizens 


ofSacrememo 


of  Sacramento 


of  Sacramento 


of  Sacramento 


Gty  of  Sacramento 
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Table  N-3 

Production  Well  Cumulative  Pumf 
(Thousand  Gallons  Per  Yei 


llEZBUEgaEZlEllgEll 

liOil 
I— I 

_ lltlEJI _ 

i^sr 

immmt _ 

_  _  _ 

IK?.TOlg7?fiTTill 

_ IKaKlI 

I  W3T.V?!1  KH:  tiVM  ^TiiLii  jfiB  »tnri»B  mri-iTitfii 

_  _ 

II 

ii^mi 

_ iKj^i 

iirai’anTBaEaiLiEE^i 

lEasanHiunEa^i 

_ _ _ lEami 

IlHaHUHHH 

I— — —i— 

■HUSBSBil 

1— — — — I _ _ _ _ _ _ _ 

ig!:tiir^ignir7iEig<TigTTfiTigrir7iKrTggigTyyn»BiftTCTB.7iiirtiB?CTiTgK^IBIfetllj| 

_ UnESllKSBill 

I  pZf'T!.!  g!T!3J  gtltt!:  HB  HI  | 

_ 

IHiyiri'lltaaia'iilri«gSEIlg!-T:ilKliEaK!EMKiyj-llEygllii''i'J«riait!lEEMll 

I3GaEy.lMBgHM»dJ^BI!35aBnE!lgia;giEg21Egg3Ea 


49,424  I  30.114  I  54,317 


211,783  129437  173,112 


653  420  17411 


25456  6,456  I  77,916 
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Table  N-3 

iVell  Cumulative  Pumpage  Data 
usand  Gallons  Per  Year) 

B 

1982 

1981 

1980 

1979 

1978 

1977 

1970 

1975 

1974 

1973 

1972 

1971 

1970 

Reference 

(c) 

QtyofSacnmniD 

Ci(y  of  SacnmnK) 

Qty  of  Sicraaienio 

City  of  Smxmteau 

City  of  Sacnmalo 

Q(y  of  Sacramento 

City  of  Sacrammo 

G(y  of  Sacnmeitto 

City  of  Sacramento 

Qty  of  Sacramento 

Qty  of  SacranetUD 

Qty  of  Sacramento 

— 

Qty  of  Saaainento 

Qty  of  Saaamento 

Qty  of  Sacramento 

Qty  of  Sacramento 

Qty  of  Sacramento 

City  of  Sacramento 

Qty  of  Sacrameitfo 

City  of  Sacramento 

1 

City  of  Sacramento 

City  of  Sacramento 

- 1 

Qty  of  Sacramento 

Qty  of  SaaameMo 

City  of  Sacramento 

Qty  of  Sacramento 

City  of  Sacramento 

Qty  of  Sacramento 

Qty  of  Sacramento 

Qty  of  Sacramento 

Qcy  of  Sacramento 

Qty  of  Sacranento 

Qty  of  Sacramento 

Qty  of  Sacrvneato 

Qty  of  Sacramento 

Qty  of  Sacramento 

Qty  of  Sacramento 

272,051 

342.179 

368.716 

335343 

16390 

160,090 

196,686 

147380 

NR  Walff  Dutrict 

329,841 

350.740 

283325 

256,164 

399370 

399370 

374331 

311310 

NR  Water  Diiltict 

42S4I2 

22348 

123363 

276386 

319,084 

319,084 

495370 

490340 

NR  Water  District 

4I3>72 

66342 

88.047 

53311 

4395 

4395 

52,033 

54,830 

NR  Water  DiaricI 

133,084 

198376 

180.232 

173346 

229.166 

229,166 

147,987 

177,140 

NR  Water  [^Strict 

22373 

92356 

0 

0 

0 

0 

293  >0 

37350 

NR  Water  Dinict 

I093/I 

79334 

81318 

72,429 

32.787 

32.787 

149386 

163,110 

NR  Water  Dialrici 

392339 

442.700 

356394 

209394 

336374 

336374 

311315 

342.150 

NR  WiKr  Dialrict 

30.114 

54317 

27311 

16,483 

2388 

2388 

72363 

161,920 

NR  Water  Diatrict 

129337 

173.112 

132354 

122.758 

58.794 

58,794 

80,486 

85.420 

NR  Water  Dialiiet 

420 

17311 

21371 

86,788 

139 

139 

506 

8320 

NR  Water  Diatrict 

6.4S6 

77,916 

14381 

27,799 

2.163 

2.163 

90398 

115390 

NR  Water  Diarict 

120310 

218317 

219392 

104324 

282350 

282,850 

232,790 

385330 

NR  Water  Oiariet 

206.936 

399,701 

231325 

144387 

83377 

83377 

187.127 

16,760 

NIS 

NIS 

NR  Water  Diatrict 

_ 

228326 

285320 

251379 

158.955 

6392 

6392 

311,416 

NIS 

?5b 

NIS 

Ml  Water  Distrkx 
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Table  N 

Production  Well  Cumula 
_ (Thousand  Galloi 


Purve^for 

(•) 

H 

1993 

1992 

1991 

1990 

1989 

1988 

1987 

1985 

1984 

1983 

1982 

191 

NR 

19 

0 

o~ 

0 

13 

26 

31 

1387 

1,792 

229 

64 

49 

NR 

20 

ISS.I63 

WEES 

46316 

81312 

155373 

1,634 

12,408 

8,093 

16,188 

36349 

I5.r 

NR 

21 

1,696 

164 

41j072 

24,184 

42341 

50,783 

43,736 

66.074 

8321 

8317 

I7,< 

NR 

22 

■ESQ3 

40,193 

164357 

267,711 

312306 

443319 

314314 

dSSM 

174, 

NR 

23 

22,799 

glVv'l 

49325 

67,194 

17385 

101354 

115389 

126,877 

78,411 

126342 

128. 

NR 

24 

■V'lT’i?! 

291347 

192,161 

241,049 

164393 

533.925 

657. 

NR 

15 

MVirm 

KmrT?i 

814,734 

729,933 

754,403 

809,140 

811,143 

139334 

NIS 

NIS 

N1 

NR 

26 

W3EIM 

420,454 

317.077 

103338 

NIS 

NIS 

NIS 

N1 

NR 

27 

ES5ZI 

■IM!! 

1 14393 

lEXSl 

15,973 

■ 

T'' 

NR 

28 

324,918 

0 

173399 

59370 

■ 

,  •  ■ 

V'i 

NR 

29 

firm 

86,962 

242362 

414398 

569 

i  ^  -M  'kf  i 

See  Note  C  Below 

i  1  ■!  i 

NR 

30 

98,877 

■SSRIl 

SI6389 

El^ 

177,788 

0 

i.r  I'H'f  fi' 

1:1; htli 

NR 

31 

352321 

419,258 

366,765 

46,664 

■ 

1.1-  j.'.i.  ;  .1  i 

■ 

;  1-!  |.1 

NR 

32A 

62,341 

92,748 

185349 

NIS 

NIS 

NIS 

NIS 

NIS 

NIS 

NIS 

N1 

NR 

32B 

485,611 

NIS 

NIS 

NIS 

NIS 

NIS 

NIS 

NIS 

NIS 

Ml 

NR 

34 

RK) 

1 

RfO 

2 
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a) .  Notes  on  Purveyor  Acionyms: 

ARC  •  Arcade  Water  District 
BW  -  McClellan  Air  Force  Base 
CM  •  Carmichael  Water  Agency 
CT  •  Caltrans 
CU  -  Citizens  Utilities 
CW  -  City  of  Sacramento 
DP  -  Del  Paso  Water  District 
NR  -  Northridge  Water  District 
RIO  -  Rio  Linda  Water  District 

b) .  Well  I.D.sNuttd>er  used  by  SAWWA  if  purveyor  is  memberof  that  organization,  otherwise  provided  by  purveyor. 

c) .  Radian  =  Information  on  production  wells  for  Arcade  and  Rio  Linda  is  still  being  obtained.  For  now.  Radian  data  is  used  (1992  goes  just  through  NovemI 

AFB  Data  1461  =  Form  1461  is  the  monthly  operating  report  of  McClellan  Air  Force  Base  wells. 

Caltrans  =  Caltrans  sent  a  memo  with  gross  pumping  volume  for  a  week,  which  was  based  on  the  pumping  rate  from  1979  to  1989.  This  number  is  based 
Citizens  =  Citizens  Utilities  sent  a  summary  of  annual  cumulative  pumpage  volumes. 

City  of  SncramerUo  =  Data  came  from  two  different  sources.  Radian  data  was  used  for  1992  and  1993  since  the  information  supplied  by  the  City  was  incc 
1993  data  is  incomplete,  missing  July,  August,  September,  Octrrber,  November  and  December.  These  numbers  should  probably  be  higher  than  shown 
NR  Water  District  a  Northridge  Water  District  seal  a  summary  of  annual  cumulative  pumpage  volumes.  Complete  monthly  data  was  unavailable  for  I97( 
Water  District  on  10(31/86.  Dau  for  1986  for  these  wells  are  probably  not  represenuoive  of  total  volume  pumped. 

d) .  NIS  a  Not  in  Service _ 


0:\Uien\OA\0_Rol)eil\Lanici\TableN-3.XLS 


un  Table  N-3 

_^'eil  Cumuiative  Pumpage  Data 
land  Galloas  Per  Year) _ 


198 

1982 

1981 

1980 

1979 

1978 

1977 

1976 

1975 

1974 

1973 

1972 

1971 

1970 

Reference 

fc) 

49 

902 

504 

3,773 

185 

185 

7,738 

NB 

NB 

NB 

NRWaurOiurict 

36J49 

1S,4S0 

3J70 

9J21 

79,971 

79,971 

0 

NB 

NB 

NB 

NR  Water  Oiniiol 

8J17 

17,938 

ISJ07 

34450 

34,482 

34,482 

4410 

NB 

NB 

NB 

NR  Water  Dimict 

282,499 

174,178 

229XKI 

459450 

211,028 

133415 

NRWtterDielrict 

I26J42 

128,593 

171477 

155400 

133415 

211,028 

541,173 

117450 

NR  Water  Dialiict 

628,919 

657,530 

665J2S 

599,456 

227,449 

227,449 

NR  Water  Dimict 

NIS 

NIS 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NR  Water  Dialtict 

— 

MIS 

NIS 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NR  Water  Oialiict 

- — 

lUiW 

-"Tim 

SnTTrT 

Bin 

NR  Water  Ditiriet 

^ — 

't;  n; 

NR  Water  Diatrict 

— .w 

TTrrfnt 

' 'ii  ill 

IM 

‘r'  'iai' 

NR  Water  Dunkt 

hliii; 

TTr 

tiln 

Hitiait 

THiM 

:  .IS..: 

NR  Water  DiaUkt 

W»ii 

IStM 

ili® 

lliilioF 

HtTilT 

HiilSK 

NR  Water  Diatiict 

NIS 

NB 

ms 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NR  Water  Dialiict 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NB 

NR  Water  Dialiict 

NR  Water  Diatrict 

. 

— 

Radian 

— 

— 

— 

— 

Radian 

— 

— 

— 

Radian 

Rio  I 

hrough  November  for  Rio  Linda). 

lalioi 

umber  is  biMd  00  iirigaiioa  aeaHa  pumping  ratea. 

F(Qr  1 

e  City  was  inoompiete. 

her  than  shown.  Onia  for  1988  is  also  iacompleie,  missing  January,  Febniary,  Match.  April,  and  May. 
ailablefor  1970, 1971, 1974, 1975,  and  1976.  Wells27tfan)agh3l  were  purchased  from  Arvin 


I 


1 1/»93  10:53  AM 


i  r.- 


-tji 


|rt 


irj2?2£srj 


_ 


2500 


2500 


5000  FEET 


BASE  MAP  CdPYRiGHTEO  1901 
BY  COMPASS  MAPS.  INC.  REPRODUCED 
BY  PERMISSION. 


LEGEND 


I ' 


. 


'fS 


WELLS  FROM  DISTRICT/SAWWA  MAPS 

McClellan  afb  wells  (active) 

MoCLELLAN  AFB  WELLS 

(To  bo  obondonod  during  Photo  III) 

McClellan  afb  wells  (abandoned) 
seismic  SURVEY  WELLS 


I-  ^  >  T 


ARC-24-»-WELL  number 
^WATER  PURVEYOR 


klATCfi. 


^WATER  PURVEYOR 


NOTES: 

1.  ACRONYMS  USED  FOR  WELLS  ARE: 

ARC  Arcade  wat€r  dstrict 

NR  NOaTHRlbQE  WATER  DISTRICT 
CM  CARMICHAEL  WATER  AGENCY 
CU  cmz^  UTItifirS 
RK)  RIO  LINDA  WATER  PISIRICT 
CW  CITY  OF  SACRAMENTO 
SA-NW  TOUNTY  OF  SACRAMENTO 
bP  DEL  PASO  WATER  AGENCY 
Bw  McClellan  afb 
CT  CALTRANS 

2.  ALL  PRODUCTION  WELLS  WITHIN  A  S-MILE 
RADIUS  OF  THE  BASE  JkRE  SHOWN 


GURE  N-1 
ODUCTION  WELLS 
ITHIN  A  5-MILE  RADIUS  OF 
toCLELLAN  AIR  FORCE  BASE 

GROUNDWATER  OPERABLE  UNIT  RI/FS 

McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 


/AN 


aSiilHIlL 


fllO-6 


HODMH 

ewouAT-2^ 


CU-54 

CO-S 


CU-15 


1-53 


RIO-6 


CU-62 


fU-79 


RIO-7 

X 

RIO-2 

M 


RIO-1 

RIO-9  Rio-3  RIO-« 

«  u 


RIO-8 

10-11 


ARC-67  ARC-6S 

H  K 

ARC-64 

M 

ARC-3 


ARC-58 


ARC  34 
AftC-27 


RIO-4 


1-. 

1 . 1. 


RIO- 10 

M 


w 


f-154 


^  ‘  I  ■  _ Bw-22 

Bw-27  I  V  |r  arc-s6 

l»>BC-14  i  "  ^ARC-31A 

J  ■  SELLTi^C-1^LW-2 

V-  /ASsEI^I 

1  Vuu_'l  ^  .r. 


j*  ' 

j  "  -  I  ;'  BW-9  Bw|20  Ntfl-13 

CW-«3  — S 

r-'j33  I  ,  *•/  «  iui3_T7  k.iD_oi 


I  -( 

I  BW-6  »  3 

i’*”*  Jt  jL  ** 


f-134 


BWr16;A:  ’  «^'rW-4 

i  ”  V  *  NR-T7 

.-iw-33.  ^  '  8W'»s^y  «  ®  „ 

--I-,  -BW-17'  “Bfc  BW-11 


cv 

.dr'ir- 


NR-21 

BW-11  cT-3 
CT-1  “ 


( 


W-94 

W-92 


'-189 


V^VTD  I^T_  X 

' L 

^ARC-40  X 

ARC-36 


A 


lW-33«  '  V'  ~»  - 

■1-^  »BW-17'  ^ 

Bfe«BW-»  bW-|3^ 

^W-re"  CT_2 

^  ^  y  xCW52  arc-65 

law  ^  CW48  ARC-38  » 

iflb  ‘  “  CW6Vt_4 

CW-126  m  '^-»5  “  -  ARC- 

CW-12S  ^  ^CW-137  ^ARC-40  « 

CW-123A  CW-135|^  CW-136  "CW50 

•  ^CW-124  .  CW-127 

®^W-120JJ|W-144  _^ARC-43 

^^7-122  *  AHC-23  ARC- 13 

-  1  ARC-14 

116 

CW-117  CW-1« 

•  • 

pw-  itm  ARC-6 

e,  1™-"’  -.arc-.^ 

.CW-TO  A®*-™  ."’=->0-37 

II 

J^-1»  ARC-45  jCU-aB  ARC-B 

CW-139  ISgW  “CW-BS  ®  Aor*  ^  „  * 

•  ^ARC-3A  ARC-20A 

CT-6  <^^-36  ARC-6SR 

•  CT-5  CU-86  * 


«  ARC- 14 
“ARC- 11 


•  A 

«  ARC-24 
.arc-4 


^CW 


DP-8  DP-7 

Jl  M 

DP-3  I 


0 


LECENO 


NR-33 


-67  ARC-68 

M 

ARC-M 


CU-4 


-328 

-32A 

1-88 


CU-34 

I 

J-73 


NR-8 


.NR-30 


.hn-28 


1^LW-2 

(/^TRlloc  HKE 
A  i^SMIC  WELL 
V-Vf^-o 


W-6 


10 


hn-29 


NR-23 


-17  hn-21 

CT-3 

K 

ARC-: 

H 

ARC-65 
XRC-22 


9 


.NR-22 


-1 


NR-9 


■20 


^-31 

CM-8  CM-5 
«  ■ 

^NR-Q 


NR-27 


CM- 11 

K 

CM- 15 


A 


NR-« 


^-3 


CM-2 


®  -AB'oiS"® 

,  ARC-24 


.ARC-42 


ARC-26 


CM-3 

CM-6 


BW  -  BASE  WELL 

CT  -  CATRANS 

RtO  -  RIO  LMOA 

CU  -  OTIZENS  UTLITES 

ARC  -  ARCADE 

NR  -  NORTHRDGE 

CW  -  OTY  WELL 


•  WEaS  PUMPING  <  30.000 

THOUSAND  GALLONS/YEM 

RADIUS  OF  CIRCLE  REPRESENTS 

•  CUMULATIVE  PUMPAGE  M 

THOUSANDS  OF  GAUONS/YEAR 
1"  -  2.600,000 

A  WELLS  PUMPMG  ZERO 
OR  NOT  IN  SERVICE 

«  NO  PUMPING  INFOmilATION 

AVAILABLE 


LOCATION  OF  WELL 


NR-29 


OWNER'S  IDENTIFICATION 


C- 


DP-7 

0 


DP-1 


ARC-9 


AflC-32 


DP-3  DP-6 

X  K 


A 

AF 


DP-2 

ARC-B 

C-20A 


CM-1 


ARC-35 


ARC-25 


CM-4 


FiGUnE  N>8 

PUMPING  DiSTRWUTION  OF 
PRODUCTION  WB.LS  AROUND 
MCCLELLAN  AIR  FORCE  BASE 
(1992) 

GR0UM1WATER  OPERABLE  UNIT  RI/FS 
McClellan  air  force  base 
SACRAMENTO,  CALIFORMA 


aanHiU: 


I 


1 


RIO-6 


CU-54 

*19 


A 


CU-53 


CU-15 


CU-62 


RIO-6 


J-79 


0 


cu- 


RIO-7 

1C 

RIO-2 


RIO-8 


RIO-1 


RIO-9  RIO-3 


RIO- 12 


ARC-58 


RIO-4 


RIO-10 


CW-154 


CW-153 


CW-133 


CW-134 


CW-138 


CW-129 


ARC- 


ARC-34 

Aftc-27 


ARC-56 

ARC-31A 


WELL  T  arc- l^LW-2 


A  »  SEi^ 
20  LW-I  'nR-O 


CT-3 


CT-2 


CW152. 


ARC 


CW-94 


CW-126  - 

CW-125  ■  CW-137  , 

CW-123  «  CW-135>.  ,  CW-136 


CW48  ARC-38  « 

-  ,CW61cT-4  " 


ARC-66 


ARC-40  « 


ARC- 10 


ARC-22 


CW-92 

1C 

CW-91 


«  ^  CW-124  cW-143  *  CW-127 


ARC-36 


ARC-7 


CW-169 


bw-120  .CW-144  ^ARC-43 

’‘cW-122  ARC-23  ARC- 13 


•  A 

,  ARC-24 


,AHC-i 


CW-83 


CW-142 
<  CW-116 


ARC-41 


CW-117  CW-1« 


>  ARC- 14 
“ARC- 11 


CW-109 


CW-151 


CW-111  .CW-112 


ARC-5 
ARC- 12 


DP-8  DP-7 » 

X  X 


DP 


CW-110 


cw-m 

K 

CW-156 


ARC-30 


CW-139 


ARC-45 

'cw-iss 


w 


1-88 


DP-3 

X  X 

DP-2 

ARC-tt 


CT-6 
'  CT-5 


,CU-36 


ARC-3A 

C 

ARC-6SR 


ARC-20A 


_CU-86 


HOP  MM 


QWOUAi-3.d9i 


3 


.CU-6 


NR-33 


C-67  ARC-59 

H 

ARC-64 

■ 

i  ARC- 


ARC-34 
'  AftC-27 


OU-4 


>RC-66 

ARC-31A 

M 

[0-16^LW-2 


NR-32B 

K 

NR-32A 


CU-58 


CU-34 


NR-8 


CU-73 


,NR-30 


NR-28 


NR-6 


NR-29 


9 

^-17  ^NR-21 
”  CT-3 

K 

i  ,  /SftlR-l 

ARC- 

■ 

ARC-66 


NR-23 


NR-27 


iR-22 


NR-9 


Wl-20 


NR-31 

CM-8  CM-5 


K  k 

-12 


CM- 11 

m 

CM-15 


ARC-22 


NR-B 


CM-2 


^  .arc-5* 

.  ARC-24 
.AflC-42 

ARC-26 

I  ■ 

dp-7. CP-1  .A«C-32 

C  "  ARC-9 

K 

DP-3  DP-6 


CM-3 

CM-6 


DP-2 
ARC- 18 


CM-1 


^C-20A 


_AHC-35 

ARC-26 


04-4 


LQStfflL 


BW  -  BASE  WEU 

CT  -  CALTRANS 

RIO  -  RK)  LINDA 

CU  -  OTIZENS  UTLITCS 

ARC  -  ARCADE 

NR  -  NORTHROGE 

CW  -  QTY  WELL 


•  WELLS  PUMPING  <  30,000 

THOUSAND  GALLONS/YEAR 

RADIUS  OP  CIRCLE  REPRESENTS 

#  CUMULATIVE  PUMPAGE  M 

THOUSANDS  OF  GALLONS/YEAR 
1"  -  2,500,000 

A  WELLS  PUMPING  ZERO 
OR  NOT  IN  SERVICE 

X  NO  PUMPING  INFORMATION 

AVAL  ABLE 


LOCATION  OF  WELL 


NR-29 


OWNER’S  IDENTIFICATION 


0  5000  10000 


SCALE  IN  FEET 


FIGURE  N-3 

PUMPING  DISTRWUTION  OF 
PRODUCTION  WELLS  AROUND 
MCCLELLAN  AIR  FORCE  BASE 
(ItSS) 

GROUNDWATER  OPERABLE  UNIT  RI/FS 
McClellan  air  force  base 
SACRAMENTO,  CALIFORMA 


- OBTHa- 


RIO-6 


CU-54 


_CU-19 


.CU-53 


RIO-6 


CU-15 


CU-62 


CU-79 


^aj-21 


RIO-7 


ARC-67  ARC-69 


ARC-64 


RIO-2 


RIO-8 


RIO-9  RIO-3 


RIO-1 

‘RI0-t2 


ARC-58 


RIO-11 


ARC-39  aNR"25 

<  4^^c-6: 

r%:  m24 


ARC-34^:S>^ 
AAC-27  Ml 

■  © 


RIO-10 


RIO-4 


CW-154 


CW-163 


CW-133 


CW-134 


BW-22  ^ARC-44 

BW-27  .  ARC-66 

*  ARC- 14  iBVV-29P.  BW^4  “  AflC-31A 

-  -’BW-2a  "boy  SCOUT  " 

...  ..  WELL  I  ,.ARC-16.LW-2  ^R'li 

■  Hole 

/  A  .  SEISMIC  WELL 

;  Rw-fi.  BW-9  BWr20 

BW-6  »  “ 

-■  >RW1^  BW-8  ^I 

BWr16  ®W-1  "  =1  © 

«  . ,  BW- 12  ?' 

HBW‘21  /'  “  /stfR-17  NR-21 

..8W-33a  "  BW-15  /  •  ( 

«BW-17  “By?.-7,  BW-11 

®'^3m«_bW-19  bW-13  CT-1 

CW-150.  bW-18*  ,  "  ~-r_o  i^P-1 


BW-6  * 


CW-138 


CW-129 


CW-131  CW-132 


CW152. 


CW4a  ARC-38  » 

"■  .CW61ct-4 


ARC-65 


NR- 19  i 


CW-94  CW-126  «  ^  *  ARC-10  ^ 

^CW  94  CW-125  "  CW-137  ,ARC-40  -  k,d  «  ^ 

CW-123  »  CW-r^-  .  CW-136  "CW50  _NR-19  V 

"  ,  CW-124  K  .  cw-127  ARC-36 

rw-fD  CW-143  -CW1Z7  «  «ARC-6( 

“  ■fcw-120  .CW-1^  .arc-43  ARC-24^^'®® 

CW-91  «  24 

‘  cw-isa  CW-122  ARC-23  ARC- 13  .ARC-42 


CW-199 


CW-83 


CW-142 
«  CW-116 


ARC-41 


CW-117  CW-119 


«  ARC- 14 
“ARC- 11 


CW-W9  ^ 

■  CW-111  CW-112 

CW-151  .  '  « 


ARC-5 
ARC- 12 


DP-8  dp-7  n 

n  M 


ARC-9 


CW-110 


CW-139 


cw-m 


CW-156 


ARC-30 

« 

ARC-46 

‘CW-158 


'^C- 


DP-3  DP-6 


ARC-18  « 


,AHC-3A  ARC-20A 


CT-6 

CT-5 


,CU-36 


ARC-69R 


CU-86 


Hoom* 

QW0UAv4.dgn 


LE6LN0 


BW  -  BASE  WEU 
CT  -  CALTRANS 
RiO  -  RIO  LINDA 
CU  -  OTIZENS  UTILITIES 
ARC  -  ARCADE 
-  NORTHRDGE 
CW  -  CITY  WELL 


•  WELLS  PUMPING  <  30,000 

THOUSAND  GALLONS/YEAR 

RADIUS  OF  ORCLE  REPRESENTS 

©CUMULATIVE  Plflil>AGE  IN 

THOUSANDS  OF  GALLONS/YEAR 
1"  -  2,500,000 

A  WELLS  PUMPING  ZERO 
OR  NOT  IN  SERVICE 

<  NO  PUMPING  INFORMATION 

AVAILABLE 


0  SOOO  10000 


SCALE  IN  FEET 


FIGURE  N-4 

PUMFING  DliTRIRUTION  OF 
PRODUCTION  WELLS  AROUND 
MCCLELLAN  AIR  FORCE  BASE 
(1980) 

GROUNDWATER  OPERABLE  UNIT  RI/FS 
McClellan  air  force  base 

SACRAMENTO.  CALIFORNIA 


aanHUL 


RIO-6 


RDOM64 

QWOUM-9.4lBn 


.CU-64 

cu^ 

» 

CU-15 


A 


A 


CX(-63 


CU-62 


RIO-6 


A 

CU-21 


CU-79 


RIO-7 

M 

RIO-2 

R 

_RIO-1 


RIO-8 


ARC-57  ARC-S9 

R  K 

ARC-64 


ARC~39  NR- 
«  AR 


i 


NF 


RIO-9  RIO-3  RIO-12 


i  ARC-58 


RIO-11 


ARC-34 

AftC-27 


RIO- 10 


RIO-4 


CW-154 


BW-27 


BW-22 

-  *  '  -  ARC-56 


ARC 


CW-153 


r. 


CW-133 


CW-134 


r  ..  Bw423  arc-56 

_  BVlf-29 BW^4  "  ,ARC-31A 

i  'BWn28i  boy  ^UT 

, _ J  :  1^1  WELL  ‘  .^C-1^LW-2 

V  -  V  *bw-io4^^'^  ■  — 

J  ^  «  /A  « SEISMIC  V 

i  nuj,  K  _  >,  ;  BW-9  BWt20 

.  -SK:’ 

.  _bw.k-'  f*J  -bw-* 

NR-21 

,JBW-33a  8W-15,  1.  :  «  ® 


I 


*1  ,BW-17  “BW-J  BW-11 

BvK^BW-«  CT-1  “ 

CW-150«  ^w-w‘  ■ 


CW-138 


CW-129 


CT-2 

CW152, 


ARC-33 

X 

ARC-65 


CW-94 

■ 

CW-92 

M 

CW-91 

m 

CW-83 


CW-126 

CW-125  ■ 

CW-123  «  CW-135*  ,  CW-136 

“  .CW-124  «CW-127 

^  ^^-120  .CW-144  ^ARC-43 

"cW-IZa  ARC-23  ARC- 13 


CW-1S9 


CW-131  CW4i32 

«  y  .CW52 

CW48  ARC-38  *' 

»  CW61pj  4 

■■cW-155  -  .  aRC-10.^C-22 

CW-137  ^ARC-40  * 

“CWSO  .  ^ 

ARC-36 

t  AP 
•AHC-i 
,  ARC-24 

«  ARC-42 


NR-1 


ARC-7 


CW-142 
«  CW-116 


ARC-41 


CW-X» 


CW-151 


cw-in 


CW-110 


CW-139 


CW-117  CW-1W 

■  H 

CW-112 

H 

CW-114 

M 

CW-156 


:  ARC- 14 
"ARC- 11 


ARC-30 


ARC-4S 

CW-158 


ARC-5 
'  ARC- 12 


1-88 


DP-8  DP-7 

K  R 


ARC 


’^C- 


CT-6 
'  CT-5 


A 


CU-36 


ARC-3A 

R 

ARC-68R 


DP-1 

AF 

K 

DP-3  DP-( 
37  *  R  ’ 

DP-2 

ARC- 18 
ARC-2QA 


A 


CU-86 


NR-32B 


NR-33 


?C-57  ARC-8B 
NR 

‘  ARC-64 


NR-a^ 


NR-32A 


,CU-58 


ARC-39  NR-»_ 
ARC-62 

NR-24 


AROSA 
»-5  AftC-27 


ARC-44 


ARC-31A 


’  C-16^LW-2 

-10  iWe 

A  «  SEJSMIC  WELL 
'ClW-1“nr-13 


^  "cu-aa 

ir-  •«'-« 

• 


CU-34 


CU-73 


NR-30 


NR-28 


NR-29 


NR-4R-17  NR-21 


NR-27 


NR-22 


NR-31 


^-8_CM-6cm-,i 


,  NR-12 


k 

i  ARC-65 

H 

I 

i  ARC-22 


ARC-33 


CM- 15 


,NR-ao 


NR- 19 


•AlSc?^ 

,  ARC-24 
, ARC-42 

ARC-26 


BW  -  BASE  WELL 
CT  -  CALTRANS 
RK)  -  RIO  LINDA 
cu  -  ariZENS  utlitcs 
ARC  -  ARCADE 
Ml  -  NORTHRIDGE 

cw  -  arr  weu 


WELLS  PUMPING  <  30.000 
THOUSAND  gallons/year 

RADIUS  OF  CIRCLE  fSPRESENTS 
CUMULATIVE  PUMPAGE  IN 
THOUSANDS  OF  GALLONS/YEAR 
1"  -  2.500,000 

WELLS  PUMPING  ZERO 
OR  NOT  IN  SERVICE 

NO  PUMPMC  INFORMATION 
AVAILABLE 


LOCATION  OF  WELL 


NR-29 


OWNER'S  IDENTIFICATION 


■  DP-7 , 


ARC-32 


ARC-9 


DP-3  DP-6 


»  ’  dp-2 

-35  ARC-35 

ARC-«  » 

25  .  ARC-2S 

\RC-20A  » 


SCALE  IN  FEET 

FIGURE  N-5 

PUMPING  DISTRIBUTION  OF 
PRODUCTION  WELLS  AROUND 
MCCLELLAN  AIR  FORCE  BASE 
(1973) 

GROUNDWATER  OPERABLE  UNIT  RI/FS 
McClellan  air  force  base 

SACRAMENTO,  CALIFORNIA 

- OBUIHIIL - 


T 


Pumping  Distribution  and  Impacts 

The  available  pumping  volumes  during  1973,  1980,  1986,  and  1992  for  wells  within  a 
S-mile  radius  of  the  Base  are  presented  in  Figures  N-2,  N-3,  N-4,  and  N-5, 
respectively.  The  information  provided  indicates  that  most  water  withdrawal  occurred 
in  the  sou^west  and  northeast  region  of  McClellan  AFB. 

Pumping  information  was  not  made  available  for  all  production  weUs  within  a  S-mile 
radius  of  the  Base.  However,  production  wells  that  are  not  marked  with  a  pumpage 
magnitude  may  actually  have  ben  pumped  and  may  contribute  to  flow  directions. 
Wells  marked  as  having  zero  pumpage  were  not  pumped. 

Potential  Future  Pumping  Conditions 

No  changes  in  pumping  conditions  are  anticipated  in  the  future  by  the  City  of 
Sacramento,  Caltrans,  or  Qtizens  Utilities.  The  status  of  pumping  conditions  for  the 
other  water  purveyors  is  unknown  at  this  time. 
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releases  of  potentially  hazardous  substances,  its  release  prior  to  Air  Force  final 
decision  on  remedial  action  is  in  the  public  interest.  The  limited  objectives  of 
this  report,  the  ongoing  nature  of  remediation,  and  the  evolving  knowledge  of  site 
conditions  and  chemical  effects  on  the  environment  and  health  all  must  be 
considered  when  evaluating  this  report,  since  subsequent  facts  may  become 
known  which  may  make  this  report  premature  or  inaccurate.  Acceptance  of  this 
report  in  performance  of  the  contact  under  which  it  was  prepared  does  not  mean 
that  the  U.S.  Air  Force  or  the  Department  of  Defense  adopts  the  conclusions, 
recommendations,  or  other  views  expressed  herein,  which  are  those  of  the 
contractor  only  and  do  not  necessarily  reflect  the  official  position  of  either 
department. 
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Introduction 


McQellan  Air  Force  Base  (AFB)  is  located  about  7  miles  northeast  of  downtown 
Sacramento,  California  (see  Figure  1).  The  base  was  originally  established  in  1936  as 
an  air  repair  depot  and  supply  base  for  the  War  Department.  During  World  War  II, 
McQellan  AFB  became  a  major  industrial  facility;  in  the  early  1950s,  it  became  a  jet 
fighter  maintenance  depot.  Today,  McQellan  AFB  is  an  Air  Force  Logistics  Command 
Center,  occupying  about  2,600  acres  and  employing  more  than  20,000  people. 

Historically,  McQellan  AFB  has  used  a  variety  of  hazardous  materials  as  part  of  rou¬ 
tine  operations  and  maintenance  activities.  Tbese  hazardous  materials  have  included 
industrial  solvents,  caustic  cleaners,  electroplating  wastes  containing  heavy  metals,  jet 
fuels,  and  a  variety  of  oils  and  lubricants  (Radian  Corporation,  1990).  In  August  1979, 
the  McQellan  ATO  Environmental  Protection  Committee  created  a  special  ground- 
water  contamination  task  force  to  determine  whether  groundwater  quality  problems 
existed  in  the  area.  This  voluntary  action  was  prompted  by  concern  that  previous  use 
of  toxic  chemicals,  particularly  trichloroethylene  (TCE),  could  have  affected  ground- 
water  quality.  Samples  collected  from  several  wells  on  and  near  the  base  during  1979 
and  19^  confirmed  the  presence  of  TCE  in  certain  wells.  As  a  result,  those  wells  were 
taken  out  of  service. 

Since  the  discovery  of  groundwater  contamination,  investigations  have  been  conducted 
at  McQellan  AFB  under  the  Air  Force  Installation  Restoration  Program.  Results  of 
these  investigations  show  that  contamination  is  mainly  confined  to  the  uppermost 
groundwater  zones  beneath  the  base.  Drinking  water  wells  in  the  vicinity  of  the  base 
draw  primarily  from  deeper  groundwater  zones  (Radian  Corporation,  1990).  Heavy 
pumping  from  many  of  these  wells  has  created  a  downward  gradient  of  flow  in  the 
groundwater  system  beneath  the  base. 

However,  concern  mounted  that  existing  inactive  water  supply  wells  at  McClellan  AFB 
may  serve  as  conduits,  allowing  contaminated  groundwater  near  the  water  table  to 
migrate  to  deeper  zones  through  the  casing  and  gravel  pack  and  potentially  threaten 
downgradient  drinking  water  supplies.  Therefore,  McQellan  AFB  issued  a  Statement 
of  Work  in  June  ^.990  that  authorized  a  Water  Well  Abandonment  Project  to  decom¬ 
mission  several  inactive  water  supply  wells  on  the  base. 

Originally,  eight  inactive  water  supply  wells  were  targeted  for  decommissioning.  How¬ 
ever,  four  of  these  wells  (Base  Wells  [BW-]  3,  6,  16,  and  19)  were  eliminated  firom 
consideration  because  th^  could  not  be  located.  Later,  City  Well  150  (CW-150),  on 
Astoria  Street  near  the  southwestern  base  boundary,  was  added  to  the  list  for  decom¬ 
missioning.  The  general  locations  of  the  five  wells  abandoned  during  this  project  are 
shown  in  Figure  2. 
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LEGEND 

A  OECOMMSSKMIEO  WELLS 


On  September  30, 1991,  McGellan  AFB  issued  a  contract  that  initiated  a  second  phase 
of  water  well  decommissioning  on  and  near  the  base.  Phase  II  includes  the  decommis¬ 
sioning  of  BW-7,  -13,  -17,  -20,  and  -28:  five  inactive  water  supply  wells  at  McQellan 
AFB.  One  other  inactive  well,  BW-8,  will  be  sealed  in  its  upper  zone  and  then 
returned  to  service  for  standby  use  in  fire  emergencies.  The  general  location  of  these 
wells  is  shown  in  Figure  2. 

In  addition.  Phase  II  includes  the  decommissioning  of  two  weUs  formerly  constructed  as 
part  of  a  seismic  survey  at  nearby  Camp  Kohler  (see  Figure  3).  Two  other  wells  at 
Camp  Kohler,  Laundry  Wells  (LW-)  1  and  2,  have  been  previously  abandoned  by  filling 
the  casing  with  concrete.  Neither  of  the  wells  are  presently  visible  at  the  ground  sur¬ 
face,  and  LW-2  has  not  been  precisely  located.  LW-2  will  be  located,  and  LW-1  and 
LW-2  will  be  redrilled  and  decommissioned.  The  general  location  of  these  wells  is 
shown  in  Figure  3.  Thus,  Phase  II  of  the  Water  Well  Abandonment  Project  at  McQel¬ 
lan  AFB  provides  for  the  modification  or  decommissioning  of  up  to  10  additional  wells. 

This  Well  Qosure  Methods  and  Procedures  Report  addresses  the  decommissioning  and 
modification  of  wells  during  Phase  11.  Based  on  a  review  of  existing  files  and  docum¬ 
ents  and  field  work  conducted  at  Camp  Kohler,  the  report  will  provide  a  brief  history 
of  the  wells,  describing  their  construction  details  and  discussing  their  hydrogeological 
setting.  An  inventory  of  aU  McQellan  AFB  wells  is  also  provided.  This  inventory  lists 
McQellan  AFB  water  supply  wells  and  summarizes  what  is  currently  known  about  their 
status.  The  report  also  proposes  an  approach  to  decommissioning  the  Phase  II  wells 
and  modifying  BW-8.  The  approach  to  decommissioning  is  based  on  the  successful 
approach  foUowed  during  Phase  I.  A  Site  Safety  Plan  that  will  govern  safety  proce¬ 
dures  during  the  field  work  is  provided  in  Appendix  A.  Well  logs  obtained  for  McQel¬ 
lan  AFB  production  wells  from  the  California  Department  of  Water  Resources  (DWR) 
are  provided  in  Appendix  B.  Cement  bond  logs  run  on  the  two  seismic  weUs  at  Camp 
Kohler  are  provided  in  Appendix  C.  Finally,  Appendix  D  contains  a  response  to 
comments  received  from  the  regulatory  agencies  on  the  Draft  Well  Qosure  Methods 
and  Procedures  Report  for  Phase  II. 


Hydrogeology 

The  foUowing  discussion  of  geology  and  groundwater  is  taken  primarily  from  investiga¬ 
tions  performed  on  behalf  of  McQeUan  AFB  by  Radian  Corporation,  whose  staff  has 
work^  at  the  base  since  1984.  Hydrogeologic  conditions  in  the  immediate  vicinity  of 
base  wells  subject  to  decommissioning  are  described  in  the  sections  below. 

Regional  Geology 

McQellan  AFB  is  located  in  the  Great  Valley  Geologic  Province,  a  large  depositional 
basin  bounded  by  the  Sierra  Nevada  on  the  east  and  Coast  Range  on  the  west  (see 
Figure  4).  The  basin  is  filled  with  a  thick  sequence  of  sedimentary  deposits,  mainly 
derived  from  the  Sierra  Nevada  in  the  vicinity  of  the  base. 
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FIGURE  4 

GEOLOGIC  SETTING  OF 

McClellan  air  force  base 


cmnni 


Near-surface  deposits  near  McOellan  AFB  are  unconsolidated  Quaternary  sediments  of 
the  Riverbank,  Turlock  Lake,  and  Laguna  Formations  that  extend  from  the  surface  to 
a  depth  of  about  400  feet.  These  units  consist  of  alluvium  deposited  by  meandering 
streams,  mainfy  as  coarse-grained  streambed  sands  and  gravels,  and  fine-grained  over¬ 
bank  silts  and  clays.  As  streams  meandered  acrc»s  the  valley,  they  alternately  depos¬ 
ited,  eroded,  and  redeposited  sediment  in  a  complex  pattern.  Thus,  deposits  exist  as 
discontinuous  interfingered  lenses  that  are  difBcuJt  to  correlate  from  one  location  to 
another  (Radian  Corporation,  1991).  Because  of  their  similarity  of  origin  and  deposi¬ 
tion,  sediments  of  the  Riverbank,  Turlock  Lake,  and  Laguna  Formations  are  also  diffi¬ 
cult  to  distinguish  from  each  other. 

Underlying  these  formations  in  the  vicinity  of  McClellan  AFB  is  the  Mehrten  Forma¬ 
tion,  a  Pliocene-age  unit  that  lies  at  depths  beneath  about  400  feet.  Although  this 
formation  also  consists  mainly  of  unconsolidated  alluvium,  it  is  distinguishable  by  its 
lithology  and  color.  The  Mehiten  Formation  is  derived  firom  volcanic  material  that  was 
deposited  as  black  to  blue  sands,  silts,  gravels,  and  clays  (California  DWR,  1978). 

Although  correlations  have  been  difficult,  geologic  and  geophysical  logs  collected  from 
monitoring  wells  constructed  between  1980  and  1991  have  aUowed  investigators  to 
distinguish  several  zones  that  appear  to  have  roughly  similar  characteristics  and  be 
widely  distributed  at  the  base.  These  zones,  designated  as  Zones  A  through  F,  are 
considered  to  act  as  preferential  pathways  for  horizontal  groundwater  flow.  However, 
evidence  suggests  that  the  subsurface  system  acts  as  one  groundwater  flow  system,  with 
hydraulic  communication  among  the  zones  (Radian  Corporation,  1991). 

Groundwater 

Historically,  groundwater  in  the  McQellan  AFB  area  moved  fi^om  the  northeast  to  the 
southwest.  However,  withdrawals  fi'om  pumping  wells  in  the  region  have  gradually 
caused  gradients  to  change  and  water  levels  to  decline.  Today,  a  regional  pumping 
depression  approximately  centered  under  the  base  and  south  of  the  base  has  caused 
regional  groundwater  to  flow  generally  to  the  south  (Radian  Corporation,  1990). 

Monitoring  wells  installed  at  McQellan  AFB  as  a  part  of  ongoing  environmental  inves¬ 
tigations  have  allowed  groundwater  levels  to  be  monitored  and  local  groundwater  flow 
patterns  to  be  determined.  These  efforts  have  revealed  local  deviations  firom  the  re¬ 
gional  flow  pattern,  caused  mainly  by  the  operation  of  extraction  wells  on  base  and  by 
on-base  and  off-base  water  suppfy  wells  (Radian  Corporation,  1991).  The  locations  of 
active  and  inactive  base  supply  wells  is  shown  in  Figure  2. 

In  the  southeast  area  of  the  base,  groundwater  in  the  upper  zones,  which  roughly  cor¬ 
respond  to  the  A,  B,  and  C  zones  described  above,  appears  to  flow  mainly  toward  the 
west-southwest,  probably  toward  active  well  BW-18  (Radian  Corporation,  1991).  Previ¬ 
ous  investi^tions  had  noted  a  local  flow  to  the  noi^east  toward  BW-8  prior  to  1985, 
when  the  weO  was  taken  off-line  (McQaren,  1986).  Active  well  BW-10  may  still 
influence  flow  patterns  in  this  area.  Pumping  wells  southeast  of  McQellan  AFB  may 
also  influence  local  flow  patterns  (Radian  Corporation,  1991). 


SACyr207AI29Sl 


7 


10/93 


Groundwater  flow  in  the  southwest  and  central  portions  of  the  base  appears  to  be 
toward  the  south-southwest.  Locally,  flow  appears  to  be  converging  toward  active  pro¬ 
duction  well  BW-18.  However,  groundwater  flow  may  also  be  influenced  by  the  pump¬ 
ing  of  off-base  supply  wells  located  south  of  the  base  (Radian  Corporation,  1991). 

In  the  northwest  area  of  the  base,  groundwater  in  the  uppermost  zones  appears  to  be 
flowing  toward  extraction  wells  on  the  northwest  base  boundary.  Flow  directions  in  the 
north  and  northeast  areas  of  the  base  are  mainly  toward  the  southwest  in  the  upper¬ 
most  zones.  Lack  of  data  prevent  an  understanding  of  flow  directions  in  the  deeper 
zones  (Radian  Corporation,  1991). 

Vertical  gradients  of  groundwater  flow  have  been  general^  downward  around  McClel¬ 
lan  AFB,  as  groundwater  moves  to  points  of  discharge  in  piunping  wells.  The  strongest 
downward  gradients  have  been  observed  in  the  uppermost  zones.  However,  gradients 
vary  seasonally  and  locally  in  response  to  patterns  of  pumping  (Radian  Corporation, 
1991). 

Aquifer  tests  have  been  performed  in  many  parts  of  the  base  by  various  contractors  as 
part  of  ongoing  environmental  investigations.  Results  have  been  varied,  both  because 
of  the  different  lengths  of  the  tests  and  methods  used  to  interpret  the  data,  and  be¬ 
cause  of  the  natural  heterogeneity  of  the  subsurface  geology.  Values  of  transmissivity 
have  ranged  from  about  1,200  to  28,600  epd/ft,  while  values  of  hydraulic  conductivity 
have  ranged  from  about  97  to  500  gj^/fr  (Radian  Corporation,  1990). 

Groundwater  levels  beneath  McQellan  AFB  have  declined  more  than  60  feet  during 
the  20th  centuiy  because  of  withdrawals  for  agriculture  and  urban  water  uses 
(McLaren,  1986).  Today,  the  water  table  occurs  at  a  depth  of  about  95  to  105  feet 
beneath  the  surface,  with  seasonal  fluctuations  of  up  to  5  feet.  In  the  deeper  zones, 
groundwater  occurs  under  generally  semiconfined  conditions  (Radian  Corporation, 
1991). 


Wells  to  be  Decommissioned  or  Modifled 

Information  on  McQellan  AFB  production  wells  was  obtained  by  a  search  of  files  at 
the  base  Civil  Engineering  Section  and  the  California  DWR,  and  by  a  review  of  envi¬ 
ronmental  reports  previously  issued  by  the  base. 

McQeUan  AFB  has  established  a  consecutive  numbering  sequence  for  its  suppfy  wells. 
As  it  has  acquired  or  constructed  wells,  it  has  assigned  them  the  next  available  number 
in  sequence.  Today,  29  wells  have  been  assigned  numbers  (Luhdorff  and  Scalmanini 
Consulting  Engineers  [LSCE],  1984). 

This  section  provides  information  on  the  six  base  suppfy  wells  scheduled  for  decom¬ 
missioning  or  modification  under  the  present  Phase  II  task  order  (BW-7,  -8,  -13,  -17, 
-20,  and  -28)  and  the  four  wells  at  C^p  Kohler  (LW-1  and  -2,  and  the  two  seismic 
we&).  Available  Well  Drillers’  Reports  for  base  supply  wells  are  presented  in  Appen¬ 
dix  B.  The  known  locations  of  the  wells  are  shown  in  Figures  2  and  3. 
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Base  Well  7 


History  and  WeU  Data 

BW-7  is  located  in  the  southeastern  part  of  McQelian  AFB  in  a  parking  lot  about 
100  feet  east  of  Building  429  (see  Figure  S).  All  that  is  visible  today  is  a  12-inch-diam- 
eter  steel  casing  extending  about  3  feet  alxjve  the  pavement  and  fitted  with  a  remov¬ 
able  steel  cap.  Previously,  there  was  some  confusion  about  whether  this  well  was  BW-7 
or  BW-16,  thought  to  be  located  in  the  vicinity  of  Building  440  immediately  across  Dud¬ 
ley  Boulevard.  However,  research  has  indicated  that  the  well  is  most  likely  BW-7. 

BW-7  was  first  located  in  1982  by  Engineering-Science  as  part  of  the  Phase  II  Installa¬ 
tion  Restoration  Program  (IRP)  at  McOellan  AFB.  Establishing  the  location  of  BW-7 
was  included  as  an  IRP  activity  because  of  the  potential  for  cross-contamination  of 
aquifers  by  contaminants.  Interviews  with  base  personnel  had  led  Engineering-Science 
to  believe  that  the  well  had  been  grouted  in  the  late  1960s  or  early  1970s,  but  utility 
records  provided  only  an  approximate  location  for  the  well  and  contained  no  record  of 
previous  abandonment.  Engineering-Science  located  the  buried  well  building  with  a 
magnetic  flux  indicator,  and  the  site  was  excavated.  This  excavation  revealed  that  the 
well  was  sealed  with  a  non-waterproof  fabricated  cap  and  confirmed  previous  records 
that  described  a  24-inch  conductor  casing  enclosing  the  12-inch  casing,  with  a  gravel 
pack  annulus.  After  sounding  the  well,  it  was  found  that  an  obstruction  was  present  at 
a  depth  of  80  feet.  An  extension  was  welded  onto  the  casing  to  bring  it  above  grade, 
and  the  excavation  was  filled  in.  Engineering-Science  then  attempted  to  drill  out  the 
obstruction,  presumed  to  be  grout,  through  "rotaiy-wash"  drilling,  but  was  unsuccessful 
(Engineering-Science,  1983). 

Well  construction  details  for  BW-7,  obtained  fi’om  McQelian  AFB  Civil  Engineering 
records,  are  summarized  in  Table  1.  It  is  uncertain  when  the  weU  was  constructed.  A 
well  log  obtained  from  DWR  (Appendix  B)  indicates  that  the  well  was  drilled  in  1941 
by  "Aulman,"  but  the  lithology  on  fius  log  conflicts  with  base  records  and  casts  doubt  on 
its  accuracy.  According  to  Luhdorff  and  Scalmanini  (1984),  the  gravel  pack  was  not 
destroyed  during  the  previous  abandonment  of  BW-7.  A  recent  sounding  of  BW-7  con¬ 
ducted  for  this  project  confirmed  an  obstruction  at  a  depth  of  about  80  feet  below 
grade. 
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Tabic  1 

WeU  Data:  Base  WeU  7 

Location: 

East  of  Building  429  on  Dudley 
Boulevard 

Status: 

Inactive  since  1955  due  to  contam¬ 
ination 

DriUer: 

Aulman 

Method: 

Rotaiy 

Date: 

July  1941  1 

Suifsce  Conductor  Casing  Diameter 

24  inches 

Depth: 

50  feet 

Seal: 

Concrete 

Depth: 

25  to  50  feet 

Blank  Casing: 

12-inch-diameter  #10 
steel  double  casing 

Depth: 

0  to  398  feet 

Borehole  Diameter 

22  inches 

Depth: 

50  to  398  feet 

Perforations: 

Type  of  perforation 
uncertain 

Depth: 

170  to  398  feet 

1  Gravel  Pack: 

Pea  gravel 

Depth: 

0  to  398  feet  | 

Groundwater  Quality 

According  to  base  records,  BW-7  went  inactive  in  1955  due  to  the  presence  of  a  con¬ 
taminant  variously  described  as  "oil”  and  "solvent.’*  Engineering-Science  referred  to  the 
contaminant  as  cresylic  acid  (Engineering-Science,  1983),  and  Luhdorff  and  Scalmanini 
referred  to  it  as  phenols  (Luhdorff  and  Scalmanini,  19M).  Base  records  indicate  that 
the  contaminant  was  first  detected  in  a  water  main  in  November  1954,  and  discovered 
in  BW-7  in  June  1955.  The  well  was  placed  on  inactive  status  in  July  1955  after  a  long 
period  of  pumping  failed  to  eliminate  the  oity  contamination.  The  pump  was  pulled  in 
September  1955  and  various  attempts  to  rehabilitate  the  weU  through  pumping  out  the 
contaminant  were  made  through  1959.  Records  indicate  that  from  1.5  to  8  feet  of 
floating  product  were  measured  in  the  well  at  various  times  during  that  period,  with  the 
source  of  the  contamination  uncertain.  A  video  survey  run  in  the  well  in  1959  found 
the  casing  to  contain  "heavy  slime  and  algae,”  as  well  as  oil. 

Samples  collected  from  monitoring  wells  in  the  vicini^  of  BW-7  have  contained  con¬ 
taminants.  Well  67,  located  about  1,200  feet  northeast  of  BW-7,  contained  1.1  ppb  of 
1,1,1-trichloroethane  (1,1,1-TCA)  in  1985,  and  4.7  ppb  of  1,2-dichloroethane  (1,2-DCA) 
in  1986  (Radian  Corporation,  19W).  Recent  investigations  of  shallow  ground^ter  con¬ 
tamination  found  64  ppb  of  TCE  in  the  second  quarter  of  1991  in  Well  203,  about 
250  feet  northeast  of  BW-7,  and  2,400  ppb  in  WeD  209,  about  750  feet  north  of  BW-7. 
Each  of  these  wells  is  potentially  upgradient  of  BW-7.  Lower  concentrations  of  TCE 
were  found  at  deeper  zones  in  monitoring  wells  near  BW-7  (Radian  Corporation, 
(  1991). 
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Local  Geology 


A  driller’s  log  of  subsurface  geology  encountered  during  the  drilling  of  BW-7  was  locat¬ 
ed  in  base  records.  This  log  describes  varying  intervals  of  clay,  hardpan,  sand,  and  gra¬ 
vel  along  the  borehole.  Of  greatest  concern  in  abandonment  are  the  depths  of  sand 
and  gravel  zones,  where  formation  losses  of  cement  may  potentially  take  place.  Be¬ 
cause  the  entire  well  is  cemented  during  the  decommissioning  approach  taken  at 
McQellan  AFB,  the  location  of  zones  of  lower  permeability,  such  as  clay  and  hardpan, 
are  of  lesser  importance.  The  driller’s  log  describes  the  following  depths  of  sand  and 
gravel  zones:  sand  and  fine  gravel  from  115  to  130  feet;  sand  and  gravel  firom  181  to 
192  feet;  fine  gravel  and  sand  firom  196  to  224  feet;  fine  gravel  from  255  to  261  feet; 
fine  sand  and  gravel  from  269  to  277  feet;  cobbles  and  gravel  from  281  to  295  feet;  and 
intermingled  sand  and  gravel  with  hard  layers  from  325  to  398  feet.  The  most  perme¬ 
able  of  the  intervals  appear  to  be  firom  196  to  224  feet,  255  to  261  feet,  and  281  to 
295  feet.  The  water  table  was  about  103  feet  below  the  ground  surface  near  BW-7  in 
the  second  quarter  of  1991  (Radian  Corporation,  1991). 

Base  Well  8 

History  and  Well  Data 

There  are  conflicting  data  both  on  well  construction  details  and  subsurface  lithology  at 
BW-8.  This  well  is  located  in  Pumphouse  Building  91,  which  is  adjacent  to  and  north 
of  Building  338  on  Howard  Street  in  the  eastern  part  of  McQeDan  AFB  (see  Fig¬ 
ure  6).  A  well  log  for  BW-8  obtained  from  DWR  is  included  in  Appendix  B.  McQel¬ 
lan  AFB  files  and  drawings,  and  a  1980  video  survey  were  also  reviewed  for  BW-8. 
Well  construction  details  taken  from  the  video  survey  and  the  LSCE  (1984)  report  are 
summarized  in  Table  2. 


TaMe2  1 

WcUDatw  BascWeUS  | 

Locattoii: 

Inside  Building  91  on  Howard 

Street  (north  of  Building  338) 

Sutus: 

Iructive  since  1985  due  to  high 
iron  and  magnesium  levels 

Driller 

Unknown 

Method: 

Rotary 

Date:  July  1942 

Surfue  Conductor  Casing  Diameter. 

24  inches 

Depth:  43  feet 

Seal: 

Concrete 

Depth:  18  to  43  feet 

Blank  Casing: 

12-indi-diameter  10-gage 
double  steel 

Depth:  625  feet 

Bordiole  Diameter 

22  inches 

Depth:  732  feet 

Perforations: 

Unknown 

Depth:  Unknown 

Gravel  Pack: 

Unknown 

Depth:  Unknown 
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According  to  the  well  log  obtained  from  DWR,  BW-8  was  drilled  in  July  1942.  No 
other  information  is  available  on  the  age  of  the  well.  However,  a  notation  on  the  log 
indicates  the  data  were  obtained  from  the  Army,  and  other  data  on  the  log  conflict  with 
data  on  file  at  McQellan  AFB.  Well  construction  details  are  available  on  Drawing 
No.  U-44  on  file  at  the  base,  on  the  well  log  obtained  from  DWR,  on  a  handwritten 
note  on  file  at  the  base,  from  correspondence  from  a  pump  contractor  (Odell,  1980), 
and  from  the  L&S  report  (L&S,  1985).  The  L&S  report  references  Air  Force  Drawing 
P.U.  662,  not  found  during  this  investigation.  Information  was  also  obtained  from  a 
downhole  video  survey  performed  in  1980,  and  reviewed  for  this  investigation. 

AU  of  the  data  sources  agree  that  BW-8  contains  a  43-foot,  24-inch-diameter,  10-gage 
double  steel  conductor  casing.  The  outside  of  this  conductor  casing  is  sealed  with  con¬ 
crete  from  18  to  43  feet.  Most  of  the  sources  agree  that  the  production  casing  is 
12-inch-diameter,  10-gage  double  steel.  However,  the  pump  contractor’s  letter  states 
that  the  casing  is  10  inches  in  diameter.  According  to  the  drawings  and  the  handwrit¬ 
ten  note,  the  casing  was  contained  within  a  22-inch-diameter  borehole  that  extended 
from  the  conductor  casing  to  the  bottom  of  the  well. 

The  depth  of  the  casing  is  uncertain.  LSCE  (1984)  state  that  the  casing  extends  to 
approximately  625  feet.  This  depth  was  confirmed  in  the  1980  video  survey.  However, 
the  drawings  show  the  casing  extending  to  389  feet,  while  the  well  log  and  handwritten 
note  state  that  it  extends  to  398  feet.  A  note  on  one  of  the  drawings  declares  that 
there  is  a  "large  cavity"  from  666  feet  to  the  bottom  at  785  feet.  The  pump  contractor 
also  states  that  the  depth  of  the  well  is  800  feet.  The  1980  video  survey  revealed  that 
an  open  hole  extended  beyond  the  bottom  of  the  casing  to  a  depth  of  732  feet.  This 
hole  appeared  to  be  larger  than  the  casing. 

Similarly,  the  perforated  interval  of  the  casing  is  uncertain.  The  drawings  show  the  well 
as  perforated  from  170  to  389  feet.  The  well  log  and  handwritten  note  state  the  per¬ 
forations  as  extending  from  170  to  398  feet.  Luhdorff  and  Scalmanini  state  that  iitfor- 
mation  on  the  perforated  interval  was  unavailable,  while  the  handwritten  note  on  the 
drawing  states  that  there  are  no  perforations.  Perforations  were  not  visible  on  the 
video  survey,  but  this  may  have  been  due  to  the  scale  present  on  the  casing.  However, 
it  is  also  uncertain  whether  the  well  casing  is  enclosed  within  a  gravel  pack. 

BW-8  contains  a  Peerless  oil-lubricated  turbine  pump  with  a  100-hp  electric  motor. 
Records  conflict  on  the  depth  at  which  the  pump  is  set,  being  either  170  feet  (LSCE, 
1985)  or  200  feet  (Odell,  1980).  During  a  1^  pump  service,  the  pump  coliunn  had  to 
be  jacked  out  of  the  well,  since  the  pump  column  and  well  casing  were  apparently  not 
in  plumb  (OdeU,  1980).  Base  records  in^cate  that  in  a  pump  test  in  1980  the  well  dis¬ 
charged  1,046  gpm  with  a  drawdown  of  21  feet,  for  a  specific  capacity  of  49.8  gpm/ft. 
BW-8  is  completed  below  grade  in  Building  91,  a  concrete  pumphouse.  Access  is 
through  a  10-foot-square  trapdoor  in  the  roof. 

During  Phase  11,  the  pump  will  be  removed  from  BW-8  and  a  downhole  video  survey 
performed  in  the  casing.  If  the  casing  is  obscured  by  iron  bacteria,  it  will  be  cleaned 
and  a  second  video  survey  will  be  performed.  The  video  survey  then  reveal  the 
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actual  construction  details  and  confirm  which  data  set,  if  any,  actually  describes  the  well 
construction  details  of  BW-8. 

Groundwater  Quality 

According  to  base  records,  BW-8  was  placed  on  standby  status  in  1985  due  to  high  iron 
and  magnesium  levels.  Other  contaminants  have  also  been  detected  in  BW-8,  the  most 
notable  being  TCE.  The  highest  level  of  TCE  found  in  this  well  was  61  ppb  in  1981 
(Radian  Corporation,  1991).  There  are  few  wells  located  in  the  immediate  vicinity  of 
BW-8.  However,  Monitoring  Well  (MW-)  178,  located  about  700  feet  southwest  of 
BW-8,  contained  90  ppb  of  TCE  and  16  ppb  of  carbon  tetrachloride  in  April  1991 
(Radian  Corporation,  1991).  BW-12,  located  about  700  feet  west-southwest  of  BW-8, 
contained  trace  amounts  of  pesticides  and  herbicides  and  levels  of  TCE  ranging  up  to 
54  ppb  in  1982  (Engineering  Science,  1983).  Monitoring  Well  210,  located  about 
900  feet  north  of  BW-8,  contained  3.7  ppb  of  TCE  and  4.5  ppb  of  carbon  tetrachloride 
in  May  1991.  Monitoring  Well  212,  located  about  1,100  feet  northeast  of  BW-8,  con¬ 
tained  5.5  ppb  of  TCE,  and  trace  amounts  of  1,1,1-TCA  and  chloroform  in  April  1991. 
Each  of  the  monitoring  wells  described  here  is  completed  in  the  shallow  groundwater 
zone.  Groundwater  in  this  area  flows  mainly  toward  the  southwest,  although  produc¬ 
tion  wells  located  south  of  the  base  may  influence  flow  directions  in  the  vicinity  of 
BW-8  (Radian  Corporation,  1991). 

Local  Getdogy 

As  with  the  well  construction  details,  conflicting  data  represent  the  borehole  lithology  at 
BW-8.  Three  versions  purport  to  represent  the  lithology  recorded  by  the  driller.  One 
version  is  found  on  the  well  log  obtained  fi-om  DWR  and  a  handwritten  note  on  file  at 
the  base;  another  version  is  found  on  two  separate  drawings  on  file  at  the  base;  and  a 
third  version  is  found  in  LSCE  (1984)  and  yet  another  drawing  on  file  at  the  base. 

Borehole  lithology  is  important  at  BW-8  because  this  well  is  not  intended  to  be  decom¬ 
missioned.  Rather,  the  objective  is  to  seal  the  uppermost  groundwater  zone  where  con¬ 
taminants  are  potentially  found  (within  about  200  feet  of  the  ground  surface),  and  then 
return  the  well  to  service  on  a  standby  basis  for  use  in  fire  emergencies. 

It  would  be  desirable  to  seal  the  well  in  a  unit  of  low  permeability  at  a  depth  of  be¬ 
tween  about  160  to  200  feet.  Above  this  depth,  it  is  useful  to  know  the  zones  that  may 
contain  materials  of  high  permeability,  where  losses  of  cement  to  the  formation  may 
potentially  occur.  The  depth  to  groundwater  in  spring  1991  was  about  107  feet  (Radian 
Corporation,  1991). 

Following  the  video  survey  of  BW-8,  it  may  be  possible  to  determine  which  geologic  log 
accurately  depicts  the  lithology  at  BW-8.  If  the  survey  reveals  one  data  set  to  accurate¬ 
ly  descrilM  the  well  construction  details,  the  associated  geologic  log  will  most  likely  will 
describe  the  subsurface  lithology. 
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Base  Well  13 


History  and  Well  Data 

BW-13  is  located  in  Building  614,  a  concrete  pumphouse  located  about  150  feet  south 
of  Dudley  Boulevard  in  the  southern  part  of  McClellan  AFB.  Figure  7  shows  the 
location  of  BW-13  and  Table  3  summarizes  the  available  information  on  this  well. 
Original  construction  drawings  and  well  logs  were  not  located  for  BW-13.  Data  are 
derived  mainly  from  a  photolog  taken  in  1961  and  pump  service  records  on  file  at  Civil 
Engineering,  and  LSCE  (1984). 


Table  3 

WeU  Data:  Base  Well  13 

Location: 

Inside  Building  614  on  Dudley 
Boulevard  (south  edge  of  base) 

Status; 

Inactive  since  1988  due  to  TCE 
and  carbon  tetrachloride  contami¬ 
nation 

Driller: 

Unknown 

Method: 

Rotaty 

Date:  1945 

Surface  Ginductor  Casing  Diameter: 

Unknown 

Depth:  Unknown 

Seal; 

Unknown 

Depth:  Unknown 

Blank  Casing: 

14-inch-diameter  steel 
reducing  to  12-inch-di¬ 
ameter  steel  at  147  feet 

Depth;  0  to  391  feet 

Borehole  Diameter; 

Unknown 

Depth:  0  to  391  feet 

Perforations; 

Unknown  type 

Depth:  178  feet-total  depth 

Gravel  Pack: 

Gravel 

Depth;  0  to  391  feet 

The  1961  photolog  noted  the  foUowing  problems  in  the  casing;  possible  hole  from  120 
to  122  feet;  vertical  seam  open  fi’om  156  to  166  feet,  170  to  177  feet,  and  192  to 
1%  feet;  and  light  to  moderate  scale  from  274  to  391  feet.  During  a  servicing  of  the 
pump  in  1982,  it  was  noted  that  the  well  was  very  crooked.  The  pump  is  a  Peerless 
turbine  pump  set  at  a  depth  of  160  feet,  with  an  electric  motor.  A  1988  pump  test 
found  that  the  well  discharged  424  gpm,  with  a  specific  capacity  of  31.4  gpm/ft  of  draw¬ 
down.  BW-13  is  completed  below  grade.  Access  is  through  a  4-foot  by  4-foot  trapdoor 
in  the  roof  of  Building  614. 
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Groundwater  Quality 


BW-13  was  removed  from  service  in  September  1988  after  a  series  of  sampling  epi¬ 
sodes  foiind  carbon  tetrachloride  above  the  Maximum  Contaminant  Level  (MCL)  of 
5  ppb.  It  had  previously  been  taken  out  of  service  for  a  time  in  1987  because  tetrac- 
hloroethylene  (PCE)  concentrations  exceeded  the  drinking  water  standard.  Weekly 
samples  collected  between  May  and  September  1988  found  carbon  tetrachloride  con¬ 
centrations  ranging  from  0.6-9.2  ppb.  TCE  was  found  at  levels  ranging  from  not-detect- 
ed  to  4.3  ppb.  Other  contaminants  detected  included  chloroform,  Freon- 113,  and 
toluene. 

Few  monitoring  wells  in  the  vicinity  of  BW-13  lie  either  upgradient  or  downgradient 
from  BW-13.  Groundwater  in  the  area  flows  nearly  due  west,  toward  BW-18,  which  is 
located  about  2,200  feet  west  of  BW-13.  MW-175,  -176,  and  -177,  located  about 
500  feet  east  of  BW-13,  contained  no  detectable  levels  of  organic  contaminants  in  April 
1991  (Radian  Corporation,  1991). 

Local  Geology 

No  borehole  lithologic  logs  are  available  for  BW-13.  However,  during  the  construction 
of  MW-175,  -176,  and  -177,  a  pilot  hole  (8-P)  was  drilled.  Both  a  geologic  and  geo¬ 
physical  log  are  available  for  8-P.  Although  aUuvial  deposits  such  as  those  in  which 
BW-8  is  constructed  tend  to  be  quite  variable,  the  logs  of  8-P  identify  permeable  zones 
that  could  affect  the  decommissioning  of  BW-13.  These  logs  show  a  very  permeable 
sand  unit  from  a  depth  of  about  92  to  105  feet;  a  gravelly  sand  from  about  220  to 
230  feet;  and  a  sand  and  gravel  unit  that  extends  from  al^ut  360  to  390  feet.  The 
latter  unit  in  particular  may  extend  to  BW-13.  Groundwater  was  found  about  100  feet 
below  the  ground  surface  in  January  1991  (Radian  Corporation,  1991). 

Base  Well  17 

History  and  Well  Data 

BW-17  is  located  inside  Building  699,  a  pumphouse  on  the  east  side  of  Kilzer  Avenue 
about  750  feet  north  of  Dudley  Boulevard  in  the  southwest  part  of  the  base.  Informa¬ 
tion  on  BW-17  was  taken  from  the  well  log  on  file  at  DWR  and  from  McOellan  AFB 
records.  Table  4  summarizes  the  known  data  and  Figure  8  shows  the  location  of 
BW-17. 
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Table  4 

WcU  Data:  Base  WeU  17 

Location: 

Inside  Building  699  on  Kilzer 
Avenue 

Sutus: 

Inactive  since  1985  due  to  TCE 
contamination 

DriUer: 

Unknown  | 

Method: 

Cable  Tool 

Date:  Prior  to  1947  | 

Surfiice  Conductor  Casing  Diameter 

Unknown 

Depth:  Unknown  | 

Seal: 

Unknown 

Depth:  Unknown  | 

Blanlc  Casing; 

16-iacb-diameteT  steel 

Depth:  0  to  344  feet  | 

Borehole  Diameter: 

16  inches 

Depth:  0  to  390  feet  H 

Perforations: 

Unknown 

Depth:  216  to  224  feet;  286  to  | 

294  feet;  302  to  312  feet  | 

Gravel  Pack: 

Not  applicable 

Depth:  Not  applicable  || 

BW-17  was  apparently  drilled  by  the  cable  tool  method,  in  which  the  casing  is  driven 
into  the  ground.  Therefore,  there  is  no  gravel  pack  surrounding  the  casing.  The  well 
was  originally  drilled  to  930  feet  in  depth.  However,  files  indicate  that  the  well  was 
sealed  off  below  390  feet  because  of  the  high  iron  content  of  the  water  below  that 
depth.  This  sealing  took  place  in  1947  and  consisted  of  filling  the  casing  with  mud 
firom  760  to  930  feet,  and  sand  from  420  to  760  feet.  The  casing  was  then  ripped  from 
400  to  420  feet,  and  a  concrete  plug  was  set  from  390  feet  to  420  feet. 

The  original  construction  drawing  for  BW-17  described  the  perforations  as  extending 
from  216  to  225  feet,  262  to  270  feet,  284  to  290  feet,  and  300  to  308  feet  in  depth. 
The  perforated  interval  listed  in  Table  4  was  based  on  a  1971  photographic  survey  per¬ 
formed  in  the  well.  This  survey  also  described  the  bottom  of  the  weU  as  lying  at 

344  feet,  rather  than  390  feet.  This  discrepancy  may  be  due  to  sediment  filling 
lowermost  section  of  the  casing. 

BW-17  currently  has  installed  a  Floway  oil-lubricated  turbine  pump  with  bowls  set  at 
ISO  feet.  In  1972  it  discharged  1,100  gpm  with  a  specific  capacity  of  61.1  gpm/ft  of 
drawdown.  BW-17  is  a  surface  completion  in  a  concrete  pumphouse.  Access  is 
through  a  4-foot  by  4-foot  trapdoor  in  the  roof. 

Gnntndwater  Quality 

Base  records  indicate  that  BW-17  was  placed  on  inactive  status  in  1985  due  to  TCE 
contamination.  However,  the  only  sample  results  that  have  been  located  to  date  show 
no  contamination  in  this  well  in  1982  (Engineering  Science,  1983).  Several  monitoring 
weDs  are  located  about  700  feet  north  of  BW-17  and  are  screened  at  various  depths 
beneath  the  ground  surface.  Contamination  appears  to  be  confined  mainly  to  the 
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uppermost  groundwater  zone,  and  groundwater  flows  to  the  south  in  this  part  of  the 
base  toward  BW-18.  Monitoring  Well  120,  screened  in  this  zone,  yielded  samples  with 
TCE  concentrations  ranging  from  9.3  to  26  ppb,  chloroform  ranging  from  0.3S  to 
1.9  ppb,  and  1,2-DCE  ranging  from  not-detected  to  18  ppb  between  1986  and  1988. 
The  historical  maximum  TCE  value  in  this  well  was  87  ppb  (Radian  Corporation, 
1990). 

Local  Geology 

The  original  drillers  lithology  log  for  BW-17  was  located  as  part  of  this  investigation. 
This  log  shows  the  following  intervals  of  materials  of  potentially  high  permeability  that 
may  affect  the  decommissioning  of  BW>17:  lava  sand  from  153  to  171  feet;  sand  and 
fine  rock  from  216  to  230  feet;  lava  sand  from  262  to  275  feet;  fine  gravel  from  284  to 
290  feet  and  300  to  311  feet;  and  soft  lava  sand  from  376  to  390  feet.  Groundwater 
was  found  about  100  feet  below  the  ground  surface  in  January  1991  (Radian  Corpora¬ 
tion,  1991). 

Base  Well  20 

History  and  Well  Data 

BW-20  is  located  in  a  vault  in  a  parking  lot  adjacent  to  Peacekeeper  Way  and  just 
south  of  Building  200  in  the  eastern  part  of  the  base.  It  was  drilled  in  1953  to  replace 
nearby  BW-9,  which  supposedly  collapsed,  and  has  recently  served  as  a  standby  emer- 
gency  source  for  Building  200.  Well  construction  detaUs  are  taken  mainly  from  con¬ 
struction  drawings  on  file  at  McQellan  AFB  and  are  summarized  in  Table  5.  Figure  9 
shows  the  location  of  BW-20. 

BW-20  is  equipped  with  a  Johnson  oil-lubricated  turbine  pump  with  a  75-hp  electric 
motor.  Capacity  of  the  well  is  uncertain.  Access  to  the  well  is  through  a  removable 
concrete  lid  supported  by  metal  gridwork. 
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TaUeS 

WcUDtfa:  BaseWcUZO 

Location: 

South  of  Building  200  in  parking 
lot  next  to  Peacekeeper  Vi/ay 

Status: 

Standby  source  for  Building  200 

Drillen 

Western  Well  Drilling  Compaq' 

Method: 

Rotary 

Date:  October  1953 

Sur&oe  Conductor  Casing  Diameter: 

32-inch  steel 

Dqtth:  67  feet 

Seal: 

Cement  Grout 

Depth:  0  to  67  feet 

Blank  Casing: 

14-indi-diameter  steel 

Depth:  0  to  600  feet 

Borehole  Diameter: 

32  inches 

Depth:  67  to  600  feet 

Perforations: 

1/8-inch  X  3-indi  slots 

Depth:  178  to  190  feet,  234  to 

274  feet,  338  to  374  feet,  I 
494  to  506  feet,  564  to  1 

598  feet  | 

Gravel  Pack: 

3/16-  to  3/8-inch  pea 
gravel 

Depth:  0  to  600  feet  1 

Groundwater  Quality 

No  data  were  located  on  groundwater  quality  in  BW-20.  However,  sample  data  exist 
for  MW-210  and  *21 1,  located  about  500  feet  east  of  BW-20.  Groundwater  in  this  area 
of  the  base  flows  from  east  to  west,  so  these  wells  are  approximate^  upgradient  from 
BW-20.  MW-210,  screened  in  the  uppermost  groundwater  zone,  contained  TCE  at 
4.1  ppb,  carbon  tetrachloride  at  6.1  ppb,  and  1,1-DCE  at  0.76  ppb  in  May  1991. 
MW-211,  constructed  adjacent  to  210  and  screened  in  a  deeper  zone,  contained  TCE  at 
1.0  ppb  and  benzene  at  0.40  ppb  in  May  1991  (Radian  Corporation,  1991). 

Local  Geology 

The  original  driller’s  log  is  available  at  McQeUan  AFB.  This  log  shows  units  of  poten¬ 
tially  high  permeability  that  may  affect  the  deconunissioning  of  BW-20  at  the  following 
depths:  fine  sand  from  200  to  204  feet;  loose  fine  to  medium  sand  from  354  to 
381  feet;  fine  to  medium  sand  from  491  to  SOS  feet;  and  fine  to  coarse  sand  and  sandy 
silt  from  550  to  600  feet  A  pilot  hole  drilled  in  conjunction  with  MW-210  and  211  in 
May  1990  lies  about  500  feet  from  BW-20.  Geologic  and  geophysical  logs  indicate  that 
a  zone  of  permeable  sands  and  gravels  lies  at  a  depth  of  145  to  160  feet 
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Base  Well  28 


History  and  WeB  Data 

BW-28  is  located  on  Patrol  Road  noct  to  Building  1082  along  the  northwest  boundary 
of  McQellan  AFB.  According  to  base  personnel  this  private  domestic  well  was 
obtained  by  the  Air  Force  during  a  land  purchase.  Construction  details  are  derived 
from  a  diagram  on  file  at  McQellan  AFB  and  are  summarized  in  Table  6.  Figure  10 
shows  the  location  of  the  well.  BW-28  is  located  outdoors  and  contains  a  2-hp  Town 
and  Country  submersilile  pump  capable  of  discharging  about  30  gpm  (LSCE,  1984). 
Water  Department  persormel  stated  that  the  water  table  dropped  below  the  pump 
setting  dtiring  the  summer  of  1991. 


1  Tables  | 

1  Well  Data:  BaseWeUlS  { 

Location: 

Next  to  Building  1082  on  Patrol 
Road  on  the  northwest  base  boun¬ 
dary 

Status: 

Inactive  since  about  1990 

DriUen 

Unknown 

Method: 

Cable  Tool 

Date:  1966 

Surtaoe  Conductor  Casing  Diameter: 

14  inches 

Depth:  76  feet 

Seal: 

Cement  Grout 

Depth:  0  to  60 

Blank  Casing: 

8-inch-diameter  steel 

Depth:  0  to  248  feet 

Borehole  Diameter 

Not  applicable 

Depth:  76  to  248  feet 

Perforations: 

Milled  slots 

Depth:  144  to  147  feet;  205  to 

212  feet;  233  to  236  feet 

Gravel  Pack: 

Not  applicable 

Depth:  Not  applicable 

Groundwater  Quality 

Limited  data  are  available  for  samples  coUected  from  BW-28.  According  to  McQellan 
AFB  records,  samples  collected  in  1S179  indicated  levels  of  cadmium  and  chromium 
above  drinking  water  standards,  but  these  samples  were  later  determined  to  be  in 
error.  Samples  collected  by  Engineering-Science  in  1982  found  no  detectable  levels  of 
volatile  organics,  but  did  &id  the  herbicides  2,4-D  and  2,4,5-T  at  levels  of  0.008  ppb, 
and  0.002  ppb,  respectively  (Engineering-Science,  1983). 
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BASE  BOUNDARY 


A  double  completion  monitoring  well  was  constructed  in  1982  about  SOO  feet  northeast 
of  BW-28.  Groundwater  in  this  area  appears  to  move  south  to  southwesterly  (Radian 
Corporation,  1991).  The  shallow  well,  MW-18s,  was  screened  across  the  water  table  at 
a  depth  of  90  to  100  feet.  The  deeper  well,  MW-18d,  was  screened  from  130  to 
140  feet  below  the  ground  surface.  Samples  collected  from  MW-18s  in  1982  contained 
the  following  concentrations  of  pesticides  and  herbicides:  aldrin-0.052  ppb;  alpha-BHC- 
0.032  ppb;  lindane-0.036  ppb;  heptachlor  epoxide-0.027  ppb;  and  2,4-6-0.138  ppb.  A 
1982  sample  collected  from  MW-18d  had  the  following  concentrations  of  pesticides  and 
herbicides:  aldrin-0.01  ppb;  beta-BHC-0.005  ppb;  heptachlor  epoxide-0.017  ppb;  2,4-D- 
0.122  ppb;  and  2,4,5-T-0.022  ppb  (Engineering-Science,  1983).  More  recent  data  have 
not  been  located  for  these  wells. 

Local  Geology 

The  driller’s  log  showing  lithology  at  BW-28  was  not  located  for  this  investigation.  A 
geologic  log  for  nearby  MW- 18  was  obtained,  however.  This  log  describes  silts  and 
clays  for  nearly  the  entire  interval  of  the  borehole,  with  only  minor  zones  of  sandy 
materials. 

Camp  Kohler  Wells 
History  and  Well  Data 

Laundiy  Wells.  Camp  Kohler  is  a  3S-acre  annex  of  McClellan  AFB  located  about 
1  mile  east  of  the  main  McQellan  AFB  facility  on  Roseville  Road  (see  Figure  1).  A 
large  military  laundry  was  operated  here  from  about  1942  to  1973.  This  laundry  has 
since  been  demolished  and  the  site  is  currently  vacant  except  for  a  Federal  Aviation 
Administration  radar  facility  and  office  building.  Four  wells  are  located  at  Camp 
Kohler,  as  shown  on  Figure  2. 

The  laundiy  used  two  water  supply  wells,  identified  as  LW-1  and  -2.  Although  the 
laimdry  operations  discontinued  in  1973,  a  previous  investigation  determined  that  the 
wells  were  used  as  a  drinking  water  source  until  1981.  An  attempt  was  made  to  sample 
the  wells  in  1985,  but  it  was  found  that  the  wells  were  abandoned  with  their  pumps  still 
in  place  (Radian  Corporation,  1985).  These  wells  are  not  visible  today.  No  records  are 
available  at  McQellan  AFB  regarding  the  fate  of  these  wells,  nor  do  either  of  the  two 
area  water  districts,  Northridge  Water  District  and  Arcade  Water  District,  have  any 
information  on  the  wells. 

Investigation  of  McQellan  AFB  records  uncovered  slides  taken  during  a  photographic 
survey  of  LW-1  and  -2  in  1971.  In  addition,  an  Eaton  Drilling  Company  well  log  was 
locat^.  According  to  Marshall  Eatoit,  the  log  most  likely  refers  to  LW-2  (Eaton,  1991, 
pers.  comm.).  Other  Camp  Kohler  weO  records  were  located  at  McQellan  AFB  and 
DWR,  but  appear  to  refer  to  one  or  more  wells  in  other  parts  of  Camp  Kohler  beyond 
the  present  boundaries.  Formerly,  Camp  Kohler  occupied  a  much  larger  tract  of  land 
than  at  present. 
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According  to  this  research,  LW-1  was  about  420  feet  deep.  Although  iron  bacteria 
obscured  much  of  the  casing,  perforations  were  visible  at  depths  of  138  feet,  356  to 
358  feet,  3%  to  400  feet,  and  404  to  420  feet,  LW-2  was  constructed  in  1955  to  a 
depth  of  514  feet.  This  well  contained  a  50-foot,  24-inch-diameter  conductor  casing, 
and  4%  feet  of  14-inch-diameter,  3/16-inch  steel  production  casing.  Perforations  con¬ 
sisted  of  3/16-inch  by  2-inch  vertical  slots  at  depths  of  190  to  202  feet,  238  to  248  feet, 
264  to  284  feet,  320  to  330  feet,  347  to  355  feet,  380  to  411  feet,  437  to  440  feet,  463  to 
468  feet,  and  476  to  4%  feet.  The  casing  was  contained  within  a  filter  pack  consisting 
of  3/8-  to  3/4-inch  pea  gravel. 

As  a  part  of  the  present  investigation,  the  locations  of  the  former  wells  were  tentatively 
identified  by  a  team  of  surveyors  using  old  maps  of  the  laundry  complex.  These  loca¬ 
tions  were  then  excavated  with  a  backhoe.  LW-1  was  successfully  located  by  this 
method.  The  excavation  foimd  that  LW-1  was  abandoned  with  concrete  about  3  feet 
below  the  groimd  surface.  No  evidence  of  the  pmnp  was  visible.  However,  LW-2  was 
not  located,  even  though  several  pits  were  excavated.  Based  on  the  1985  Radian  report 
and  the  verification  that  LW-1  was  abandoned,  it  is  probably  safe  to  conclude  that 
LW-2  has  also  been  abandoned. 

Seismic  Wells.  The  other  two  wells  at  Camp  Kohler  were  constructed  as  part  of  a  seis¬ 
mic  survey.  These  wells,  known  as  the  Seismic  Well  and  the  Triax  Hole,  are  still  pres¬ 
ent.  According  to  construction  diagrams  on  file  at  McQellan  AFB,  the  wells  were 
constructed  in  1969.  It  is  uncertain  why  the  survey  was  performed  or  who  constructed 
the  wells.  The  Seismic  Well  is  500  feet  deep  and  contains  7-inch-diameter  17.0#  API 
Grade  steel  casing  that  extends  about  1.5  feet  above  grade.  The  borehole  diameter  is 
unknown.  The  Triax  Hole  is  200  feet  deep  and  contains  11  3/4-inch-diameter  42#  API 
Grade  steel  casing  that  extends  about  2  feet  above  grade.  The  borehole  diameter  in 
this  well  is  13%  inches.  Both  wells  are  sealed  along  their  entire  length  with  cement  and 
are  not  open  to  groimdwater  at  any  point.  Both  contain  10-foot  cement  plugs  at  their 
base. 

Cement  bond  surveys  were  conducted  in  the  seismic  wells  in  December  1991  to  evalu¬ 
ate  the  integrity  of  the  cement  seals  in  which  they  are  encased.  As  a  preparation  for 
these  surveys,  the  caps  on  the  wells  were  removed  and  the  wells  filled  with  water.  The 
quality  of  a  cement  tend  survey  is  greatly  enhanced  if  the  sonic  transmitter  is  immersed 
in  water  at  a  minimum  pressure  of  about  200  pound  per  square  inch  (psi).  Had  the 
wells  not  been  watertight,  it  would  have  been  necessary  to  pump  water  into  the  wells 
during  the  surv^.  However,  the  wells  held  the  water  with  no  apparent  leakage.  The 
survey  found  that  the  seal  on  both  wells  was  adequately  bonded  to  the  casing  and  the 
borehole  wall  to  prevent  groundwater  from  migrating  among  subsurface  zones.  In  both 
wells,  minor  disruptions  in  the  seals  were  noted  at  or  above  the  water  table.  Copies  of 
the  cement  bond  logs  are  provided  in  Appendix  C. 
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Groundwater  QuaUty 

Camp  Kohler  was  investigated  in  1984  as  part  of  the  overall  IRP  investigation  taking 
place  at  McQellan  AFB.  The  Camp  Kolider  investigation  was  prompted  by  concern 
about  deteriorating  water  quality  in  Arcade  Water  District  Well  No.  31,  located  about 
2,000  feet  west  of  Camp  Kohler.  From  about  1960  until  the  well  was  taken  out  of  ser¬ 
vice  in  1979,  samples  from  the  well  indicated  a  gradual  increase  in  levels  of  hardness, 
chlorides  and  total  dissolved  solids  (TDS).  Hardness  (CaC03)  increased  from  about 
150  to  600  mg/1  during  this  time,  while  chlorides  increased  from  about  75  to  450  mg/l 
and  TDS  increased  from  about  250  to  about  850  mg/l  (CH2M  HILL,  1981).  The  old 
laundry  at  Camp  Kohler  had  contained  a  concrete-lined  wastewater  holding  basin  that 
stored  wastewater  for  pumping  to  a  wastewater  treatment  plant.  The  concern  was 
whether  water  may  have  leaked  from  the  basin,  infiltrated  to  the  groundwater,  and 
migrated  to  Arcade  Well  No.  31. 

SoU  and  water  samples  were  collected  from  the  basin  in  March  1984.  Results  found 
levels  of  cadmium,  chromium,  copper,  lead,  nickel,  and  lead  high  enough  to  cause  the 
sediments  within  the  basin  to  be  classified  as  hazardous  (Radian  Corporation,  1985). 
This  finding  iiritiated  additional  sampling,  including  16  soil  samples  to  a  depth  of 
30  feet  in  5  borings  around  the  outside  of  the  basin;  seven  exploratory  borings  drilled 
to  an  average  depth  of  310  feet,  with  collection  of  soil  samples  and  groundwater  sam¬ 
ples  at  various  depths;  and  additional  sediment  sampling  within  the  basin. 

Results  of  groimdwater  samples  found  chloride  and  TDS  levels  in  excess  of  drinking 
water  standards  in  deep  samples  from  one  boring  located  southwest  of  the  basin,  and 
the  deepest  sample  from  one  other  boring.  Iron  and  manganese  exceeded  drinking 
water  standards  in  all  groundwater  samples.  Constituents  in  soil  samples  were  general¬ 
ly  at  background  levels,  except  for  samples  taken  from  within  the  former  wastewater 
holding  basin.  These  samples  again  exceeded  hazardous  levels  (Radian  Corporation, 
1985). 

The  investigators  concluded  that  the  basin  was  not  the  source  of  the  degraded  water  in 
Arcade  Well  No.  31,  for  the  following  reasons:  the  basin  was  lined  with  concrete;  the 
groundwater  samples  containing  high  levels  of  chlorides  and  TDS  were  coUected  from 
deep  zones,  and  were  not  found  in  the  uppermost  groundwater  samples;  and  a  1979 
sample  from  LW-1,  taken  when  the  well  was  being  used  as  a  drinking  water  source,  had 
shown  background  levels  of  these  constituents.  The  investi^tors  speculated  that 
contaminants  may  have  originated  at  a  wastewater  treatment  plant  located  east  of 
Camp  Kohler  (Radian  Corporation,  1985). 

Local  GeoU^ 

A  drillers’  log  was  located  for  LW-2  as  part  of  this  investigation.  This  log  showed  an 
alternating  sequence  of  gravel,  sand,  and  clay.  Subsurface  permeable  zones  consisted 
of  gravel  units  at  163  to  170  feet,  191  to  197  feet,  240  to  246  feet,  270  to  281  feet,  320 
to  327  feet,  381  to  406  feet,  and  435  to  439  feet;  and  a  sand  unit  from  480  to  497  feet. 
Geologic  logs  were  kept  for  the  seven  deep  exploration  borings  completed  during  the 
1984  IRP  investigation  at  Camp  Kohler. 
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Geologic  cross  sections  were  prepared  from  these  logs  that  reveal  a  heterogeneity  typi¬ 
cal  of  alluvial  sediments  in  the  McQellan  AFB  area.  However,  zones  of  sands  and 
gravels  were  correlated  at  various  depths  among  the  boreholes.  Major  zones  of  materi¬ 
als  of  relatively  high  permeability  were  found  at  depths  of  about  140  to  160  feet;  230  to 
260  feet;  and  270  to  310  feet.  Groundwater  was  found  at  a  depth  below  115  feet. 
Although  the  groundwater  gradient  was  not  well-defined  in  the  area,  it  was  believed  to 
flowing  toward  the  southwest  (Radian  Corporation,  1985). 


Status  of  Water  Suppfy  Wells  at  McClellan  AFB 

A  total  of  35  weUs  have  been  identified  during  data  collection  activities  associated  with 
the  well  decommissioning  program  at  McQellan  AFB.  These  include  29  water  supply 
wells  designated  in  McQellan  AFB  files  as  BW-1  through  BW-29.  Over  McQellan 
AFB’s  years  of  operation,  McQellan  AFB  has  constructed  these  wells  or  acquired  land 
with  existing  wells.  Two  additional  wells  have  been  located  at  McQellan  AFB  as  part 
of  this  investigation.  Four  wells  are  located  at  Camp  Kohler— two  former  laundry  wells, 
and  two  wells  constructed  as  part  of  a  seismic  survey,  as  described  earlier  in  this  report. 
The  locations  of  the  McQellan  AFB  wells  are  shown  in  Figure  2  and  the  locations  of 
the  Camp  Kohler  wells  are  shown  in  Figure  3.  Table  7  summarizes  the  status  of  pro¬ 
duction  wells  at  McQellan  AFB. 

Four  McQellan  AFB  wells  and  one  City  of  Sacramento  well  were  deconunissioned 
during  the  first  phase  of  well  abandonment  at  the  base.  These  include  BW-1,  BW-2, 
BW.12,  BW.27,  and  City  WeU  150.  Five  wells  at  McQellan  AFB,  BW-7,  BW-13, 
BW-1 7,  BW-20,  and  BW-28,  are  scheduled  for  decommissioning  during  Phase  II.  BW-8 
is  scheduled  for  modification  during  Phase  II.  The  four  wells  at  Camp  Kohler,  LW-1, 
LW-2,  the  Seismic  Well  and  the  Triax  Hole,  are  also  scheduled  for  decommissioning 
during  Phase  II.  Known  data  on  these  wells  has  been  summarized  in  previous  sections 
of  this  report.  Three  production  wells— BW-10,  BW-18,  and  BW-29— are  currently 
actively  primping  at  McQellan  AFB.  This  section  will  summarize  the  currently  known 
information  on  the  remaining  McQellan  AFB  water  supply  wells. 

Base  Wells  3,  6, 16,  and  19 

BW-3,  BW-6,  BW-16,  and  BW-19  were  originally  scheduled  for  decommissioning  during 
the  first  phase,  but  could  not  be  located  in  1990.  BW-3,  BW-16,  and  BW-19  have  now 
been  tentatively  located.  BW-3  and  BW-19  are  thought  to  be  in  the  southwest  part  of 
the  base  near  Buildings  662  and  667  at  the  intersection  of  BeU  Avenue  and  Kilzer  Ave¬ 
nue.  A  recent  field  inspection  discovered  what  appears  to  be  two  former  wells  in  a 
field  about  200  yards  west  of  the  Bell/Kilzer  intersection.  The  location  of  these  wells  is 
shown  on  Figure  11.  One  of  the  wells,  presumed  to  be  BW-3,  has  a  6-inch-diameter 
casing.  BW-3  is  thought  to  be  an  old  agricultural  well,  acquired  during  an  earlier  ex¬ 
pansion  of  the  base.  It  was  reportedfy  abandoned  by  McClellan  AFB  Water  Depart¬ 
ment  personnel  (LSCE,  1984).  The  other  well,  presumed  to  be  BW-19,  contains  a 
14-inch-diameter  casing.  This  well  was  repohedfy  constructed  in  1952  to  a  depth  of 
360  feet,  at  about  the  same  time  that  nearby  wells  BW-17  and  BW-18  were  constructed. 


SAC/r207/929Sl 


29 


1(V93 


1  Table  7  11 

Status  of  Existing  McClellan  AFB  Production  Wells  J 

Page  1  of  2  1 

Well  No. 

Location 

Comments 

1 

Building  231 

Decommissioned  in  1991. 

2 

Building  232 

Decommissioned  in  1991. 

3 

Southwest  in  Oeld  near  Bell  Avenue 
and  Kilzer  Avenue 

Tentatively  located  v.ith  BW-19.  Casing 
Oiled  with  concrete. 

4 

Near  Watt  Avenue  and  Roseville 
Road,  off  the  base 

Inactive.  Not  visible.  Located  on  old 
maps. 

5 

Off  the  base  on  Old  Garden  Highway 

Known  as  'Old  River  Dock  Well.* 
Constructed  in  1941. 

6 

Near  Patrol  Road  and  Buildings  714 
and  715 

Inactive.  Has  not  been  located.  Thought 
to  be  old  agricultural  well. 

7 

Near  Building  429 

Will  be  decommissioned  during  Phase  II. 

8 

Building  91 

Uppermost  portion  to  be  sealed  during 
Phase  II,  then  returned  to  standby  status. 

9 

Near  Building  200 

Reported  to  have  collapsed.  Not  visible. 
Looted  on  old  maps  in  parking  lot  near 
BW.20. 

10 

East  near  Building  93  on  O’Malley 
Avenue 

Active  well. 

11 

Southeast  of  the  Base,  near  Watt 
Avenue  and  Winona  Street 

Inactive.  Not  visible.  Located  on  old 
maps. 

12 

Building  395 

Decommissioned  in  1991. 

13 

Building  614 

Will  be  decommissioned  during  Phase  II. 

14 

Unknown 

Uncertain  status.  No  known  location. 

May  be  located  at  Whitney  and  Eastern 
Avenue. 

15 

North  of  Building  440  on  Dudley 
Boulevard 

Inactive,  status  uncertain. 

16 

Site  22  on  Patrol  Road 

Inactive.  Not  visible.  Located  on  old 
maps. 

17 

Building  699 

Will  be  decommissioned  during  Phase  II. 

28 

Southwest  near  Building  664  on 
Winters  Street 

Active  well. 

19 

Southwest  in  field  near  Bell  Avenue 
and  Kilzer  Avenue 

Tentatively  located  with  BW'3.  Casing 
filled  with  concrete.  Reported  to  have 
collapsed. 
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Table? 

Status  of  Existing  McClellan  AFB  Production  Wells 


Page  2  of  2 


Well  No. 

Location 

Comments 

20 

In  parking  lot  south  of  Building  200 

Will  be  decommissioned  during  Phase  II. 

21 

Near  Building  689 

Status  uncertain.  Has  not  been  located. 
Thought  to  be  an  old  agricultural  weU. 

May  have  served  the  old  Aero  Qub. 

22 

Near  Building  1445 

Status  uncertain.  Has  not  been  located. 
Thought  to  lie  near  northeast  comer  of 
building. 

23 

Near  Building  1455 

May  have  been  found  during  parking  lot 
oonstruaion.  Thought  to  be  an  old 
agricultural  well. 

24 

Near  Building  1455 

May  have  been  found  during  parking  lot 
oonstruaion.  Thought  to  be  an  old 
agricultural  well. 

25 

Off  the  base  at  the  Lincoln 
Communication  site 

Aaive  well. 

26 

Off  the  base  at  the  Davis 
Communication  site 

Aaive  well.  Water  may  be  conuminated. 

27 

Near  Building  1099 

Decommissioned  in  1991. 

28 

Near  Building  1082 

Will  be  decommissioned  during  Phase  IL 

29 

North  area,  in  Building  1455  on 

Perrin  Avenue 

Active  well. 

Old  29 

About  25  feet  northeast  of  BW-29 

Was  abandoned  in  1984  due  to  sand;  new 
BW-29  drilled  just  south  of  former  site. 

Boy  Scout  Well 

About  75  feet  south  of  BW-29,  near 
Building  1457 

Casing  is  visible,  but  well  sutus  is 
unceruin. 

1  LW-l 

Camp  Kohler 

Uncovered  by  backhoe.  Has  been  filled 
with  concrete. 

1  LW-2 

Camp  Kohler 

Located  on  old  maps,  but  not  uncovered. 
Thought  to  be  abandoned. 

Seismic  Well 

— 

Camp  Kohler 

Casing  exterior  sealed  wtih  cement  Not  a 
water  well.  g 

Triax  Hole 

Camp  Kohler 

Casing  exterior  sealed  wtih  cement  Not  a  | 
water  well.  | 
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These  three  weUs  served  a  nearby  water  treatment  facility.  Perforations  in  BW-19 
extended  from  174  to  193  feet,  214  to  239  feet,  and  305  to  360  feet.  BW-19  is  said  to 
have  collapsed  (LSCE,  1984).  The  casing  in  both  BW-3  and  BW-19  extends  a  few 
inches  above  the  ground  surface  and  is  filled  with  concrete  with  gravel  aggregate. 

BW-16  was  thought  to  be  located  in  the  southeast  area  of  the  base,  based  on  the  recol¬ 
lections  of  Water  Department  persormel  and  a  previous  investigation  (LSCE,  1984). 
However,  during  this  investigation  an  old  map  was  located  in  McQellan  AFB  files  that 
depicts  the  location  of  BW-16  in  the  western  part  of  the  base  near  Patrol  Road.  The 
location  of  the  former  well  is  shown  in  Figure  12.  Although  the  exact  location  of  the 
well  is  shown  on  the  old  map,  it  is  not  visible  today  and  its  status  is  unknown. 

BW-6  is  also  thought  to  be  located  in  the  western  part  of  the  base,  in  the  vicinity  of  the 
present  industrial  wastewater  treatment  plant  (see  Figure  2).  According  to  LSCE 
(1984),  this  well  is  probably  another  former  agricultural  well  acquired  during  an  early 
expansion  of  the  base.  No  records  have  been  obtained  for  the  weU,  nor  has  any  visible 
structure  been  observed  in  the  field. 

Base  Well  9 

BW-9  is  located  in  a  parking  lot  south  of  Building  200  on  Peacekeeper  Way  in  the 
eastern  portion  of  McClellan  AFB.  Previously  the  precise  location  of  this  well  was 
unknown.  However,  during  this  investigation  an  old  map  was  found  that  shows  the 
location  of  this  well  relative  to  known  features,  including  BW-20  and  an  existing  water 
line.  This  location  is  shown  on  Figure  13,  which  indicates  that  BW-9  lies  about  200  feet 
west  of  BW-20.  There  is  currently  no  visible  evidence  of  BW-9  at  the  site. 

Very  little  is  known  about  BW-9.  Information  presented  in  a  previous  investigation 
(LSCE,  1984)  has  been  found  to  have  been  mistaken.  According  to  Water  Department 
personnel,  BW-20  was  constructed  in  1953  to  replace  BW-9,  which  apparently  had 
collapsed.  Drawings  indicate  that  BW-9  was  located  in  subsurface  vault,  typical  of  wells 
constructed  during  WWII.  Based  on  the  weU  number,  BW-9  was  probably  constructed 
after  1942,  when  BW-8  was  constructed.  No  information  has  been  found  regarding 
BW-9  well  construction  details. 

Base  Well  15 

BW-15  was  previously  thought  to  be  located  several  miles  away  from  McQellan  AFB, 
on  the  comer  of  Whitney  and  Eastern  Avenues  (LSCE,  1985).  As  part  of  this  investi¬ 
gation,  however,  old  maps  dating  from  1945  and  1955  were  found  that  located  BW-15 
immediately  north  of  Building  440,  on  Dudley  Boulevard  across  the  street  from  BW-7 
in  the  southeast  portion  of  the  base.  The  location  of  well  BW-15  is  shown  in  Figure  14. 

BW-16  had  previously  been  thought  to  be  located  in  this  area  (LSCE,  1985)  but,  as 
descnbed  above,  was  foimd  to  be  located  in  the  western  part  of  the  base.  Robert 
Zenda  of  the  Water  Department  recalled  that  a  below-grade  weU  was  constmcted  on 
the  comer  of  Whitney  and  Eastern  Avenues  at  a  site  presently  occupied  by  a  church 
(conservation  with  Robert  Zenda,  December  18,  1991).  However,  field  inspection 
failed  to  find  any  sign  of  a  well. 
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PARKING  LOT  IN  FRONT  OF  BUILDING  200 


LOCATION  OF  FORMER  WELL  NO.  9 
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FIGURE  13 
LOCATION  OF 
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McClellan  air  force  base 
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FIGURE  14 
LOCATION  OF 

BASE  WELLS  NO.  7  AND  15 

McClellan  air  force  base 
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A  well  log  was  found  at  DWR  that  identified  a  well  located  at  the  Rubber  Conserva¬ 
tion  Building  at  McQellan  Field  (see  Appendix  B).  Old  maps  identify  Building  440  as 
the  Rubber  Conservation  Building  and  the  built^g  to  the  west  as  the  Dry  Qeaning 
Facility  (presently  Building  443).  Therefore,  the  log  probably  refers  to  BW-15. 
According  to  the  log,  BW-15  was  constructed  in  1943  to  a  total  depth  of  305  feet.  The 
casing  was  12  inches  in  diameter,  and  perforated  fit)m  a  depth  of  245  to  270  feet.  All 
that  is  visible  today  is  a  concrete  pad  with  a  circular  hole  covered  with  asphalt.  Con¬ 
crete  footings  that  were  probably  used  to  support  a  pump  motor  are  also  visible,  as  is 
a  drain  leading  away  from  the  former  well  location. 

Wells  in  the  Vicinity  of  Base  Well  29 

Four  wells  are  known  to  be  present  in  the  immediate  vicinity  of  BW-29,  an  active  pro¬ 
duction  well  located  on  Perrin  Avenue  in  the  northeastern  part  of  the  base.  These 
weUs  are  thought  to  be  BW-23,  BW.24,  "old"  BW-29,  and  the  "Boy  Scout  WeU."  The 
locations  of  the  wells  is  shown  in  Figure  15.  Another  well,  BW-22,  is  located  at  Build¬ 
ing  1440  about  1,300  feet  northeast  of  BW-29.  The  location  of  this  well  is  shown  in 
Figure  2. 

According  to  a  previous  investigation,  interviews  with  base  personnel  had  indicated  that 
BW-22,  BW-23,  and  BW-24  were  old  agricultural  wells  acquired  during  early  expansion 
of  McClellan  AFB.  BW-23  and  BW-24  were  thought  to  be  located  in  general  vicinity 
of  the  present  location  of  BW-29  (CSCE,  1984).  Recent  parking  lot  construction  at 
BW-27  uncovered  two  old  wells  that  may  be  BW-23  and  BW-24.  The  well  north  of 
BW-29,  assumed  here  to  be  BW-23,  had  a  6-inch-diameter  casing.  Workers  determined 
that  this  well  had  not  been  abandoned,  and  welded  a  plate  on  the  casing  (conversation 
with  Robert  Zenda,  December  18,  1991).  The  present  investigation  located  a  1984 
map  that  identified  an  "old  agricultural  well"  at  that  location.  Both  BW-23  and  BW-24 
will  be  protected  by  the  paving  contractors  for  potential  future  access  to  the  wells. 

Mr.  Zenda  of  the  Water  Department  also  described  a  well  in  this  area  called  the  "Boy 
Scout  Well."  Field  inspection  located  a  weU  with  6-inch-diameter  casing  sticking  up  out 
of  the  grotmd  in  front  of  Building  1457  on  Perrin  Avenue.  Building  1457  has  histori¬ 
cally  been  used  for  Boy  Scout  activities  at  McQellan  AFB.  A  cap  has  been  welded 
onto  the  casing,  so  that  field  persormel  were  unable  to  determine  whether  the  well  has 
been  grouted. 

BW-29  has  been  constructed  twice  at  this  location.  The  original  well  was  built  in  1981 
by  Water  Development  Corporation.  Drawings  found  during  this  investigation  located 
the  well  at  the  position  shown  in  Figure  15.  Old  BW-29  was  drilled  to  a  total  depth  of 
604  feet,  and  then  cemented  to  a  depth  of  400  feet.  It  contained  16-inch-diameter 
casing  in  a  26-inch-diameter  borehole,  with  50  feet  of  conductor  casing.  No  informa¬ 
tion  is  available  on  the  screened  inter>^.  Unfortunately,  the  gravel  feed  tube  was  inad¬ 
vertently  covered  by  the  cement  sanitary  seal,  so  that  gravel  could  not  be  added  to  the 
well.  As  a  result,  the  well  began  pumping  sand.  Eventually,  so  much  sand  was  pumped 
that  a  depression  was  visible  at  the  ground  surface.  According  to  base  Civil  Engineer¬ 
ing  persormel,  the  casing  was  cut  below  grade  and  a  metal  plate  was  welded  over  it. 
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FIGURE  15 

LOCATION  OF 
BASE  WELL  NO.  29 
AND  NEARBY  WELLS 
McClellan  air  force  base 
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This  plate  was  then  buried.  The  present  BW-29  was  constructed  in  1984  by  the 
Maggiora  Brothers.  BW-29  is  580  feet  deep  and  contains  190  feet  of  screen,  according 
to  McCleUan  AFB  files. 

BW-22  was  located  near  one  of  the  comers  of  Building  1440,  which  houses  recreational 
equipment  checkout  for  base  personnel.  This  well  is  thought  to  have  been  an  agricul¬ 
tural  well  originally,  and  later  served  Building  1440.  Eventually  Building  1440  was 
placed  on  the  McClellan  AFB  water  supply  system.  The  fate  of  the  well  is  uncertain 
(Robert  Zenda,  1992,  pers.  comm.).  A  field  inspection  revealed  no  sign  of  the  well. 
However,  a  circuit  box  labeled  "WeU  Pump"  was  found  on  the  northeast  comer  of  the 
building. 

Wells  Located  Outside  McClellan  AFB  Boundaries 

Five  wells  are  located  outside  the  present  boundaries  of  McQellan  AFB:  BW-4,  BW-5, 
BW-11,  BW-25,  and  BW-26.  Two  of  these  wells,  BW-4  and  BW-11,  are  presently  inac¬ 
tive  and  no  longer  visible.  The  other  wells  are  currently  operating  and  serving  off-base 
facilities.  A  sixth  well  is  thought  to  have  been  located  near  the  present  comer  of  Whit¬ 
ney  and  Eastern  Avenues,  but  the  status  and  number  of  this  well  is  uncertain  as  de¬ 
scribed  previously. 

Well  BW-4  is  located  south  of  Roseville  Road  about  400  feet  west  of  the  intersection 
with  Watt  Avenue  (see  Figure  16).  This  area  was  formerly  the  Winstead  Athletic  Field, 
located  in  a  region  of  Mt^ellan  AFB  known  informally  as  "Splinter  City."  BW-4  was 
located  directly  beneath  the  bleachers  next  to  a  baseball  diamond,  and  served  as  an 
irrigation  well  for  the  field.  As  part  of  this  investigation,  maps  were  located  that  show 
the  location  of  the  former  well.  Field  inspection  revealed  no  sign  of  the  weU,  but  piles 
of  concrete  mbble  are  visible  that  are  likely  the  remains  of  the  old  bleachers.  BW-4 
was  a  rotary  well  drilled  in  July  1941  to  a  depth  of  382  feet.  It  contained  12-inch-diam¬ 
eter  casing  that  was  perforated  from  169  to  382  feet,  and  a  24-inch-diameter  conductor 
casing  that  extended  to  a  depth  of  81  feet.  BW-4  is  known  to  be  gravel-packed,  but  the 
details  of  the  pack  and  the  borehole  diameter  are  unknown  (LSCE,  1984).  It  is  uncer¬ 
tain  when  the  well  was  taken  out  of  service,  but  Winstead  Athletic  Field  is  thought  to 
have  been  present  until  the  mid  1980s. 

Well  BW-5  is  known  as  the  "Old  River  Dock  well."  This  well  is  located  on  Old  Garden 
Highway,  several  miles  southwest  of  McQellan  AFB.  Constmcted  in  1941  to  a  depth 
of  368  feet,  BW-5  is  still  in  service.  Constmction  drawings  and  geologic  information  on 
the  well  are  on  file  at  the  base. 

Well  BW-11  is  located  about  75  feet  north  of  the  current  intersection  of  Winona  Street 
and  Watt  Avenue  about  one-half  mile  south  of  McQellan  AFB,  in  the  area  formerly 
known  as  "Splinter  Qty"  (see  Figure  17).  It  is  not  presently  visible  at  the  surface,  but 
maps  were  located  during  this  investigation  that  show  tlie  former  location  of  the  well. 
BW-11  was  constructed  in  1945  in  a  subsurface  vault,  as  was  typical  of  McQellan  AFB 
wells  from  that  time.  The  well  was  378  feet  deep,  according  to  a  photolog  on  file  at 
the  Base.  Casing  was  14-inch-diameter  steel,  reducing  to  12  inches  in  diameter  at  a 
depth  of  140  feet.  Perforations  extend  fi-om  154  feet  to  the  total  depth  of  the  well. 
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The  weU  is  thought  to  have  been  gravel  packed.  However,  details  of  the  borehole 
diameter  and  surface  seal  are  unknown.  It  is  also  uncertain  when  or  how  the  well  was 
taken  out  of  service.  However,  BW-11  was  still  online  in  1984  (LSCE,  1984).  At  some 
point  in  the  past,  BW-11  was  reported  to  have  been  contaminated  with  gasoline 
(conversation  with  Robert  Zenda,  January  3,  1992). 

Well  BW-2S  is  located  at  the  Lincoln  Communication  site.  It  is  reported  to  be  an  ac¬ 
tive  well,  drilled  to  a  total  depth  of  408  feet.  Other  data  has  not  been  obtained  for  this 
well. 

Well  BW-26  is  located  at  the  Davis  Communication  site.  This  well  is  also  an  active 
well,  being  useu  for  fire  protection,  irrigation,  and  cooling  tower  water.  Construction 
data  on  file  at  the  base  reveal  that  the  weU  was  constructed  in  19S1  to  a  depth  of 
358  feet,  with  10-inch-diameter  casing  installed  to  a  depth  of  320  feet.  However,  the 
casing  apparently  collapsed  at  a  depth  of  about  225  feet.  Subsequently  in  1986 
8%-inch-diameter  casing  was  inserted  into  the  well.  This  casing  is  screened  from  depths 
of  102  to  122  feet,  and  140  to  201  feet.  A  cement  plug  was  placed  in  the  casing  below 
201  feet.  BW-26  has  experienced  contamination  by  TCE,  PCE,  and  1,1-DCE,  accord¬ 
ing  to  records  on  file  at  the  Water  Department.  Data  from  1988  indicate  that  TCE 
concentrations  ranged  fi-om  trace  amounts  to  6.0  ppb  between  1986  and  1988,  while 
PCE  concentrations  ranged  fi-om  trace  amounts  to  3.2  ppb,  and  1,1-DCE  ranged  fiom 
trace  amounts  to  3.0  ppb.  However,  Mr.  Zenda  stated  that  TCE  levels  had  ranged  as 
high  as  3,000  ppb  in  previous  years  (Robert  2^nda,  1992,  pers.  comm.).  Records 
indicate  that  underground  storage  tanks  were  removed  fiom  the  site.  Current  remedial 
efforts  include  the  implementation  of  a  Remedial  Investigation  for  groundwater 
contamination. 

Other  Wells 

Two  wells  have  not  been  located  at  McQellan  AFB.  These  include  BW-14  and  BW-21. 
No  information  has  been  found  regarding  the  location  or  disposition  of  BW-14.  It  is 
possible  that  this  well  was  located  on  the  comer  of  Whitney  and  Eastern  Avenues, 
several  miles  southeast  of  McQellan  AFB.  BW-21  is  reported  to  be  an  old  agricultural 
well.  Apparently,  this  well  served  as  the  "Aero  Club  Well."  At  some  point  in  the  past 
the  club  was  lodged  in  an  original  old  farmhouse,  that  lay  in  the  vicinity  of  the  present 
Building  696  (Conversation  with  Robert  2^nda,  January  3, 1992),  The  general  location 
of  this  weU  is  in  the  south-central  portion  of  the  base  (see  Figure  2).  Further  search  of 
old  base  maps  may  precisely  locate  this  weU. 


Decommissioning  Base  Wells 

Two  subcontractors  will  be  employed  in  the  abandomnent  of  base  wells:  a  drilling 
subcontractor  who  will  provide  a  drill  rig  or  crane  with  a  mast  to  hang  equipment  over 
the  hole  and  other  specialized  equipment  such  as  perforating  equipment,  and  who  can 
perform  downhole  television  surveys;  and  a  subcontractor  who  specializes  in  the  mixing 
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and  pumping  of  grouts  under  pressure  for  well  abandonments.  All  cementing 
operations  will  be  performed  under  the  supervision  of  a  California  Registered  Geologist 
or  Professional  Engineer  from  CH2M  HILL  who  will  maintain  a  chronological  record 
of  field  activities. 

Field  work  will  be  arranged  so  that  only  personnel  from  the  drilling  crew  will  be 
allowed  to  work  over  the  open  well  and  handle  oil  or  water  removed  from  it.  These 
personnel  will  be  trained  in  safety  aspects  of  work  involving  potential  contact  with  haz¬ 
ardous  materials  and  participate  in  an  ongoing  medical  evaluation  program,  as  required 
by  the  Occupational  Safety  and  Health  Administration.  CH2M  HILL  will  provide 
screening  of  ambient  air  with  a  photo-ionization  instrument.  It  is  not  anticipated  that 
base  wells  will  pose  a  safety  risk  from  hazardous  materials  if  proper  safety  procedures 
are  foUowed.  Safety  requirements  are  detailed  in  Appendix  A  in  the  Site  Safety  Plan. 

During  Phase  I  it  was  found  that  state  or  county  permits  were  not  necessary  for  well 
decommissioning  at  McOellan  AFB,  because  the  work  is  governed  by  the  terms  of  the 
InterAgency  Agreement,  which  provides  for  supervision  by  representatives  of  the 
various  agencies  of  the  county  and  state.  The  Well  Qosure  Methods  and  Procedures 
Report  prepared  for  Phase  I  (CH2M  HILL,  1991)  contains  a  complete  description  of 
ordinary  permit  requirements  and  well  abandonment  regulations. 

All  equipment  used  in  weU  abandonment  that  may  come  into  contact  with  groundwater 
will  be  decontaminated  prior  to  arrival  at  each  well.  This  decontamination  will  consist 
of  steam-cleaning.  Equipment  will  be  steam-cleaned  at  the  contractor’s  yard  prior  to 
arrival  at  the  first  weU.  Equipment  that  is  used  in  wells  and  contacts  groundwater  will 
be  steam-cleaned  when  it  is  pulled  from  the  well.  Steam-cleaning  water  will  be  allowed 
to  run  back  down  the  well  to  avoid  disposal  problems.  Disposal  of  wastewater,  if 
necessary,  is  discussed  at  the  end  of  this  document. 

Preliminary  Activities 

As  preparation  for  abandonment  or  modification  of  base  wells,  a  pump  contractor  will 
be  supervised  in  the  removal  of  existing  turbine  pumps  firom  five  inactive  wells  (BW-8, 
BW-13,  BW-17,  BW-20,  and  BW-28).  WeUs  BW-S,  BW-13,and  BW-17  are  each  located 
inside  buildings  (BW-8  and  BW-13  are  contained  in  vaults)  and  will  need  to  be 
removed  through  trapdoors  in  the  roof.  BW-20  is  located  in  a  vault  in  a  parking  lot. 
Concrete  pads  will  have  to  be  removed  to  gain  access  to  this  well.  The  contractor  will 
mobilize  a  pump  rig  to  each  well  head,  dismantle  the  pump,  and  pull  it  from  the  well. 
All  pump  equipment-wellhead  motors,  pump  colunm  piping,  pump  shafts  and  bowls, 
strainers,  etc.,  will  be  transported  to  the  Defense  Reutilization  and  Marketing  Office 
(DRMO)  at  Btiilding  700.  Pump  equipment  will  be  steam-cleaned  as  it  is  puUed  from 
the  well,  and  prior  to  delivery  to  DRMO. 

Plumbing  at  BW-8  will  be  temporarily  capped  pending  reinstallation  of  the  pump.  At 
BW-13,  the  water  line  from  the  pump  will  be  disconnected  from  the  main  line  near  the 
power  pole  and  a  blind  flange  installed  on  the ’T."  At  BW-17,  the  12-inch  valve  on  the 
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supply  line  from  the  well  located  about  85  feet  south  of  Building  663  will  be  removed, 
and  blind  flanges  installed  on  both  ends  of  the  pipe.  At  BW-20,  the  2-way  valve  in  the 
vault  will  be  removed  and  replaced  with  pipe  spool. 

A  field  log  will  be  maintained  during  this  and  all  other  field  activities.  This  log  will 
provide  a  chronological  record  of  all  field  activities.  Field  notes  will  be  organized  so 
that  each  page  is  numbered  and  dated.  The  well  number  or  location  will  be  written  on 
each  page.  A  fi’esh  page  will  be  used  at  each  new  well.  The  field  notes  will  also 
include  a  daily  sketch,  if  applicable,  that  depicts  the  well  with  grout  intervals,  perfo¬ 
rated  intervals,  or  other  pertinent  information.  In  addition,  pictures  will  be  taken  to 
record  the  highlights  of  field  work,  and  provide  a  basis  for  agency  presentations.  A 
record  of  pictures  taken  will  be  recorded  in  the  notes. 

Following  removal  of  the  pumps,  a  contractor  specializing  in  downhole  television  sur¬ 
veys  will  lower  a  television  camera  down  each  well  to  be  abandoned  or  modified.  This 
survey  will  provide  information  on  the  condition  of  the  casing,  such  as  the  presence  of 
encrustations  or  obstructions  in  the  casing  or  fill  material  in  the  bottom  of  the  well,  and 
the  ability  of  the  casing  to  withstand  cementing  pressures,  as  indicated  by  the  presence 
of  cracks  and  holes,  and  corrosion  along  the  perforations.  The  television  survey  will 
also  indicate  whether  pump  lubricating  oil  is  floating  on  the  top  of  the  water  in  the 
well,  and  provide  a  preliminary  indication  of  well  construction  details  (casing  diameter, 
intervals  of  perforations,  depth  of  the  casing,  etc.). 

Any  pump  lubricating  oil  found  in  the  wells  will  then  be  bailed  firom  the  welis  and 
stored  in  55-gallon  drums.  Arrangements  will  be  made  for  the  oil  to  be  disposed  to  a 
petroleum  recycler,  /ur  Force  personnel  will  sign  any  manifests  or  forms  required  by 
the  petroleum  recycler. 

After  the  pump  lubricating  oU  has  been  removed,  it  will  be  necessary  to  perform  some 
rehabilitation  on  the  wells.  Based  on  experience  gained  during  the  first  phase  of  well 
abandonment  at  McQellan  AFB,  it  is  expected  that  all  wells  except  the  seismic  wells 
and  redrilled  wells  will  be  contaminated  with  iron  bacteria.  However,  wells  revealed 
during  the  initial  television  survey  to  b  ’  firee  of  obstructions  that  block  a  view  of  the 
casing  will  not  require  rehabilitation.  Wells  that  are  considered  to  require  some 
rehabilitation  will  be  cleaned  with  a  steel  brush  fabricated  for  each  well  diameter  to 
remove  gelatinous  masses  of  iron  bacteria  and  encrustations  of  iron  oxide.  The 
purpose  of  the  cleaning  will  be  to  allow  improved  evaluation  of  the  condition  of  the 
well  casing.  For  this  reason,  it  is  assumed  that  only  the  upper  portion  of  BW-8.  which 
will  be  sealed  off,  will  require  cleaning  with  a  steel  brush. 

FoUowing  the  cleaning  of  the  casing,  excessive  debris  lying  in  the  bottom  of  the  weUs 
will  be  bailed  out  and  stored  in  55-gallon  drums  at  the  wellhead.  Ten  feet  or  less  of 
soft  sediment  should  not  affect  the  cementing  operations.  If  greater  than  10  feet  of 
sediment  is  found,  then  it  will  be  necessary  to  remove  it.  It  is  assumed  that  no  more 
than  25  55-gallon  drums  will  be  required  for  all  the  wells.  Any  salvageable  materials 
found  in  the  wells,  such  as  piping,  be  transported  to  DRMO. 
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Cores  will  then  be  drilled  into  the  concrete  pads  at  the  wellhead  of  each  well  that  will 
be  abandoned  or  modified,  with  the  exception  of  the  seismic  wells.  The  coring  will  be 
accomplished  with  a  small  hand-held  drill,  and  cores  will  be  extended  to  the  top  of  the 
gravel  pack  annulus  in  each  well,  a  distance  of  only  about  1  to  2  feet.  The  purpose  of 
the  coring  is  to  determine  the  composition  of  the  gravel  pack  and  the  diameter  of  the 
annular  space.  This  information  will  reduce  uncertainty  during  cement  volume  calcula¬ 
tions  when  the  wells  are  being  sealed. 

A  second  television  survey  will  be  performed  in  each  well  that  has  been  cleaned  by 
brushing.  As  before,  this  survey  wiU  provide  information  on  the  condition  of  the  casing, 
such  as  the  presence  of  encrustations  or  obstructions  in  the  casing  and  the  ability  of  the 
casing  to  withstand  cementing  pressures,  as  indicated  by  the  presence  of  cracks  and 
holes,  and  corrosion  along  the  perforations.  The  television  survey  will  also  provide  an 
indication  of  well  construction  details. 

When  video  tapes  of  the  television  survey  of  wells  on  base  are  received,  a  technical 
memorandum  will  be  prepared  for  submission  to  the  Air  Force  Project  Officer.  This 
memorandum  will  summarize  field  activities  to  that  point  and  discuss  the  findings  of  the 
television  survey  and  coring  into  the  wellhead  pads.  If  any  additional  work  is  found  to 
be  necessary  prior  to  abandonment  based  on  the  results  of  the  survey,  that  work  will  be 
described  and  recommendations  made  in  the  technical  memorandum.  Similarly,  the 
technical  memorandum  will  propose  any  modifications  to  the  "Well  Closure  Methods 
and  Procedures"  report  that  appear  to  be  necessary  based  on  the  results  of  the  survey 
and  coring.  Agency  approval  be  obtained  before  performing  any  of  the  modifica¬ 
tions  recommended  in  the  technical  memorandum. 

Grout  Materials 

Cement  grout  mixtures  used  to  seal  the  annular  space  around  a  well  casing  must  dis¬ 
play  certain  properties.  Grout  should  be  of  low  permeability  to  resist  the  flow  of  fluids 
through  them,  be  capable  of  bonding  to  both  the  weU  casing  and  borehole  wall  to  pro¬ 
vide  a  tight  seal,  develop  sufficient  strength  within  a  short  period  to  permit  completion 
of  the  abandonment  without  excessive  delay,  be  chemically  inert  or  nonreactive  with 
formation  materials  or  groundwater,  be  easily  mixed,  be  of  a  consistency  that  will  allow 
the  grout  to  remain  in  a  pumpable  state  for  an  adequate  period  of  time,  have  minimal 
penetration  into  permeable  zones,  and  be  safe  to  handle  (Gaber  and  Fisher,  1988). 

Various  Qrpes  of  cement  mixtures  are  available  that  display  these  properties  and 
accommodate  varying  geological  and  chemical  conditions  fovmd  in  the  subsurface. 
Experience  in  the  oil  industry  led  the  American  Petroleum  Industry  (API)  to  establish 
specifications  for  classes  of  cement.  API  Qass  G  and  H  cements,  which  are  specially 
formulated  to  be  used  with  additives  and  suitable  under  a  wide  range  of  pressure  and 
temperature  conditions,  will  be  used  in  the  decormnissioning  of  base  wells. 

Common  Portland  cement  is  made  from  limestone  (or  other  materials  high  in  calcium 
carbonate),  clay,  or  shale,  with  some  iron  and  aluminum  oxides  added  if  they  are  not 
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present  in  sufficient  quantity  in  the  clay  or  shale.  The  principal  compounds  formed 
during  the  burning  process  that  produces  cement  are  tricalcium  aluminate,  tetracalcium 
aluminoferrite,  tri-calcium  silicate,  and  dicalcium  silicate.  API  Class  G  or  H  cement  is 
chemically  similar  to  common  Portland  cement  but  is  manufactured  to  more  rigorous 
chemical  and  physical  specifications  which  result  in  a  more  uniform,  fine-grained  prod¬ 
uct  (Halliburton  Services,  1981).  The  typical  hydraulic  conductivity  of  a  neat  cement, 
composed  of  Portland  cement  and  water  (6  gallons  per  94-pound  sack),  is  about 
10"^  centimeters  per  second  (Gaber  and  Fisher,  1988). 

Qass  H  cement  is  commonly  mixed  by  Halliburton  Services  in  a  50/50  ratio  with  pozzo- 
lans,  siliceous  materials  that  develop  cementing  properties  by  reacting  chemically  in  the 
presence  of  lime  and  water.  When  mixed  with  cement  in  dry  bulk  form,  pozzolans 
decrease  the  weight  of  the  slurry,  provide  low  permeability  and  low  water/solids  ratio, 
and  make  pumping  easier.  The  50/50  mixture,  marketed  by  Halliburton  as  Pozmix,  has 
a  hydraulic  conductivity  of  less  than  10'*®  cm/sec  after  curing  (Halliburton  Services, 
1981).  Pozmix  will  be  the  basic  cement  used  in  decommissioning  wells  at  McClellan 
AFB. 

A  special  cement  known  as  standard  fine  cement  will  also  be  used  during  cementing 
operations.  Marketed  by  HaUiburton  Services  as  Micro  Matrix  Cement,  this  cement 
will  be  used  in  wells  with  fragile  casings  or  where  long  intervals  of  existing  perforations 
are  found  in  wells.  Micro  Matrix  Cement  is  chemically  similar  to  Portland  cement. 
However,  Matrix  Cement  particle  sizes  are  approximately  10  times  smaller  than  stan¬ 
dard  cement  particles.  This  property  reduces  the  viscosity  of  the  cement  and  enables  it 
to  penetrate  openings  as  fine  as  0.05  mm  (Halliburton  Services,  1991). 

The  amount  of  water  mixed  with  the  cement  has  an  important  effect  on  the  properties 
of  the  cement.  Tests  have  indicated  that  5.2  gallons  of  water  are  required  to  hydrolyze 
one  94-pound  sack  of  Portland  cement,  producing  a  slurry  weight  of  15.6  Ib/gal 
(Driscoll,  1986).  Less  water  than  this  will  not  hydrate  the  cement  and  will  cause  a  high- 
viscosity  product  that  is  difficult  to  pump.  Too  much  water  causes  shrinkage,  as  water 
is  squeezed  out  of  the  mixture  into  permeable  formations,  or  as  cement  settles  to  the 
bottom  of  the  mixture.  The  proper  mixture  produces  effective  bridging  of  cement 
particles  in  the  pores  of  permeable  formations,  which  prevents  penetration  of  the  grout 
into  these  formations  (Driscoll,  1986).  DWR  regulations  specify  that  4.5  to  6.5  gallons 
of  water  per  sack  of  cement  be  used,  depending  on  the  cement  type  and  additives  used 
(DWR,  1981).  The  appropriate  water-to-cement  ratio  will  be  continually  monitored 
during  the  decommissioning  of  base  wells  through  use  of  density  measurements  with  an 
electronic  cement  balance. 

Various  additives  may  be  added  to  the  cement  to  improve  the  characteristics  of  the 
grout  material.  During  the  decommissioning  of  base  wells,  these  may  include  bentonite 
powder,  CFR-3,  calcium  chloride,  Flocele,  and  quick-setting  gypsum  cement.  Bentonite 
is  a  colloidal  clay  (chiefly  montmorillonite).  Addition  of  bentonite  increases  the  slurry 
and  set  volume  and  reduces  shrinkage  because  of  the  water  adsorption  properties  of 
colloidal  clay.  Bentonite  also  reduces  the  weight  of  the  cement  column,  which  is  bene¬ 
ficial  where  permeable  formations  will  not  sustain  a  high  hydrostatic  pressure.  Finally, 
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addition  of  bentonite  improves  the  fluidity  of  the  mixture  by  increasing  the  suspension 
qualities,  thus  reducing  the  settling  out  or  separation  of  cement  particles  from  the  slurry 
(Halliburton  Services,  1985).  If  the  percentage  of  bentonite  exceeds  about  6  percent, 
excessive  shrinkage  of  the  cement  will  occur  (Driscoll,  1986).  During  the  decommis¬ 
sioning  of  base  wells,  about  2  percent  bentonite  powder  will  be  mixed  with  water  prior 
to  the  addition  of  the  cement. 

CFR-3  is  a  dispersant,  or  friction  reducer,  that  is  composed  of  sulfonic  acid  salt. 
CFR-3  improves  the  mixing  of  other  components  of  the  grout  by  increasing  the  turbu¬ 
lent  flow  of  the  slurry.  This  is  a  property  that  aids  when  using  smaU-diameter  tremmie 
pipes  and  attempting  to  infiltrate  gravel  packs  and  formation  walls.  It  also  densifies  the 
cement,  aids  in  fluid-loss  control,  and  increases  salt  tolerance  of  the  grout  if  calcium 
chloride  is  added  (HaUiburton  Services,  1985). 

Calcium  chloride  is  added  to  the  mix  in  quantities  of  about  2  percent  to  accelerate  the 
early  strength  of  the  cement,  thus  reducing  the  time  required  for  the  mix  to  set  up. 
Available  in  either  powdered  or  flake  form,  it  can  be  added  either  to  the  dry  mix  or  to 
the  mixing  water.  For  example,  Qass  H  cement  with  2  percent  calcium  chloride 
achieves  a  compressive  strength  of  1,100  psi  after  6  hours  at  95  “F  (Halliburton 
Services,  1981). 

Two  other  additives  may  be  used  to  reduce  losses  to  permeable  formations.  Flocele 
consists  of  cellulose  film  flakes,  about  3/8-inch  in  diameter,  that  are  chemically  inert 
and  do  not  affect  the  compressive  strength  of  the  cement  (Halliburton  Services,  1985). 
Flocele  will  be  added  to  the  mixing  water  at  a  ratio  of  about  0.75  percent  by  weight. 
Cal-Seal,  or  gypsum  (calcium  sulfate),  sets  up  in  20  minutes  when  blended  with  Port¬ 
land  cement.  In  addition,  it  expands  0.3  percent  in  setting,  forming  a  tight  seal.  These 
properties  make  Cal-Seal  a  good  choice  to  seal  lost  circulation  zones  (Halliburton  Ser¬ 
vices,  1985).  Cal-Seal  will  be  mixed  with  Qass  G  cement  at  a  ratio  of  about  8  percent 
to  help  seal  off  permeable  zones. 

Grout  wiU  be  mixed  in  the  field  with  a  recirculating  mixer.  The  mixer  and  a  diesel-pow¬ 
ered  positive-displacement  pump  will  be  delivered  to  the  site  on  a  truck  and  trailer. 

Grout  Placement 

Several  methods  are  commonly  employed  to  decommission  water  wells.  The  most  com¬ 
mon  technique  involves  first  perforating  the  well  casing  adjacent  to  units  of  low  perme¬ 
ability,  such  as  clay  or  silt,  and  adjacent  to  aquifers  containing  deleterious  water.  A 
tremmie  pipe  is  then  suspended  in  the  casing  and  grout  pumped  next  to  these  zones, 
while  sand  is  placed  next  to  aquifers  containing  good  quality  water.  A  variation  in¬ 
volves  perforating  and  cementu^  the  entire  length  of  the  casing  in  one  lift.  In  all  cases, 
the  tremmie  pipe  is  suspended  near  the  bottom  of  the  zone  to  be  sealed,  and  grout  is 
pumped  from  the  bottom  to  the  top  of  the  zone.  In  addition,  the  uppermost  20  feet  is 
always  sealed. 
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Improved  grout  control  and  gravel  pack  penetration  is  achieved  by  maintaining  a  de¬ 
sired  level  of  pressure  on  the  grout  in  excess  of  hydrostatic  pressure  as  it  sets  up  in  the 
hole.  The  amount  of  pressure  applied  depends  on  the  characteristics  of  the  cement 
slurry,  size  of  the  perforations,  characteristics  of  the  gravel  pack  and  formation,  temper¬ 
ature,  and  depth  of  the  interval  being  sealed.  A  maximum  pressure,  or  fracture  pres¬ 
sure,  represents  an  upper  limit  that  should  not  be  exceeded  in  grout  placement.  Above 
this  level,  grout  penetration  of  the  gravel  pack  and  formation  may  not  be  uniform,  due 
to  the  development  of  fractures,  or  routes  of  less  resistance,  through  which  the  grout 
would  preferentially  flow. 

A  step-rate  injectivity  test  is  commonly  used  in  oil  well  abandonment  to  estimate  the 
fracture  pressure  of  a  formation.  However,  an  accepted  practice  in  water-well  aban¬ 
donment  is  to  limit  pressures  to  less  than  1  psi  per  foot  of  depth  below  the  surface.  In 
this  way,  each  lift  in  the  hole  is  grouted  until  the  volume  of  grout  is  sufficient  to  fill  the 
voids  in  a  hypothetical  cylinder  of  casing  and  surrounding  soil,  or  until  resistance  builds 
up  to  the  pressure  limit  (Albritton,  1982).  In  the  bottom  of  a  400-fool-deep  well,  for 
example,  pressures  should  not  exceed  400  psi. 

Pressure  at  the  surface  (downstream  from  the  pump)  will  be  monitored  with  a  gauge. 
During  Phase  I,  this  pressure  never  exceeded  about  50  psi.  Since  this  pressure  is 
propagated  evenly  throughout  the  fluid,  the  pressure  downhole  should  be  equal  to  the 
pressure  at  the  pump  plus  the  pressure  exerted  the  column  of  fluid  (0.458  psi/ft  for 
water  above  the  water  table).  The  w^ter  table  at  McQeUan  AFB  lies  about  100  feet 
below  the  ground  surface.  Therefore,  the  pressure  in  the  well  should  not  rise  much 
above  100  psi. 

Grout  placement  by  applying  external  pressure  in  excess  of  hydrostatic  pressure  is 
known  as  squeeze  grouting.  Pressure  is  maintained  by  sealing  off  the  casing  while  pum¬ 
ping  fluid  into  the  casing  with  a  positive  displacement  pump  and  monitoring  pressures 
at  the  surface  with  a  gauge.  When  the  seal  is  placed  at  the  surface,  the  technique  is 
referred  to  as  a  Bradenhead  squeeze.  This  technique  would  be  less  effective  in  base 
wells  because  of  pressure  losses  through  perforations  above  the  interval  being  sealed. 
Pressures  may  also  be  maintained  downhole  through  the  use  of  drillable  grout  plugs,  or 
retrievable  balloon  packers,  retrievable  tension-set  packers  (set  by  applying  a  tension, 
or  pull,  on  the  packer  with  the  pipe  attached  to  the  packer),  or  retrievable  cup-packers 
(set  by  the  fluid  prersure  below  the  packer,  which  creates  a  seal  by  forcing  the  cup 
against  the  well  casing).  Grout  is  squeezed  through  the  perforations  and  into  the  gravel 
pack  by  the  high  forces  developed  through  the  hydraulic  effect  of  transmitting  pressure 
through  a  small-diameter  pipe  and  into  a  large-diameter  pipe  (the  casing). 

Two  main  approaches  were  most  successful  in  properly  abandoning  wells  at  McQeUan 
AFB  during  ffie  first  phase  of  well  decommissioning.  One  approach,  application  of  a 
downhole  squeeze  utilizing  a  cup  packer,  is  a  low-cost  meffiod  applicable  for  wells 
screened  intermittently  along  the  length  of  the  casing  with  casing  that  is  capable  of 
withstanding  the  hydraulic  pressures  generated  by  the  packer.  The  other  approach, 
special  low-viscosity  cements  and  application  of  a  head  of  water,  is  a  more  expensive 
method  that  is  applicable  for  wells  screened  continuously  along  the  length  of  the  casing 
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or  those  that  contain  weak  or  damaged  casing.  Both  approaches  call  for  the  well  to  be 
cemented  in  stages,  with  external  pressure  applied  to  the  cement  to  force  it  into  the 
gravel  pack.  These  approaches  will  be  foUowed  during  Phase  II.  In  either  case,  wells 
that  are  believed  to  pose  fewer  technical  challenges  will  be  decommissioned  before 
more  difficult  wells. 

Abandonment  With  a  Packer 

Wells  that  are  perforated  at  intervals  along  the  casing  and  judged  to  be  capable  of 
withstanding  hi^  pressures,  based  on  television  survey  evaluation,  are  suitable  for 
cementing  using  a  cup  packer.  Grout  may  consist  of  Poitland  cement  with  additives  to 
improve  performance.  At  McOellan  AFB,  the  grout  mix  that  worked  well  in  the  first 
phase  consisted  of  API  Qass  H  cement,  pozzolans,  2  percent  bentonite  gel,  and  3  per¬ 
cent  calcium  chloride.  This  grout  should  be  pre-mixed  dry  at  the  plant,  and  mixed  with 
water  at  the  job  site.  The  steps  in  abandoning  with  a  packer  are  as  follows: 

•  Perforate  the  casing  immediately  prior  to  cementing  if  necessary. 

•  Set  the  cup  packer  in  a  blank  section  of  casing  above  the  interval  to  be 
cemented.  Chain  the  tremmie  pipe  down  evenly  at  the  wellhead. 

•  Calculate  a  volume  of  cement  necessary  to  fill  the  casing  and  40  percent 
of  the  gravel  pack  to  a  point  about  2  feet  above  the  perforated  interval. 

•  Calculate  a  volume  of  water  necessary  to  fill  the  casing  above  the  cement 
and  below  the  cup  packer,  plus  the  entire  tremmie  pipe,  and  all  surface 
piping  downstream  from  the  volume  gauge. 

•  Pump  a  sufficient  amount  of  water  into  the  well  to  establish  circulation 
and  estimate  the  permeability  of  the  formation. 

•  Mix  the  required  voliune  of  grout  with  a  recirculating  mixer  to  the 
desired  density.  Collect  a  sample  and  set  it  aside  in  the  shade. 

•  Pump  the  required  volume  of  grout  with  a  positive  displacement  pump. 
Monitor  the  injection  rate  (less  than  20  gpm)  and  the  pressure  (less  than 
100  psi). 

•  Pump  the  required  volume  of  water  slowly  (less  than  20  gpm)  and  moni¬ 
tor  the  pressure  (less  than  100  psi).  Watch  the  tremmie  pipe  and  chains 
for  possible  buckling.  This  is  especially  important  in  weUs  with  large- 
diameter  casing. 

•  Withdraw  the  cup  packer  from  the  well  immediately  to  prevent  it  from 
being  cemented  in  place. 
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•  Inject  cement  wash  water  into  the  well. 

•  Tag  the  cement  in  the  well  with  a  weighted  line  after  the  cement  sample 
sets  up  (minimum  of  3  hours). 

•  Perforate  the  next  interval,  if  necessary. 

•  Cement  the  well  in  a  series  of  lifts.  The  length  of  the  lift  is  determined 
by  the  length  of  existing  perforations,  the  expected  lithology,  and  the 
outcome  of  the  previous  lift. 

On  the  next-to-last  lift,  the  casing  should  be  perforated  about  IS  feet  above  the  water 
table. 

The  cement  volume  should  then  be  calculated  to  bring  the  top  of  the  cement  to  about 
1  or  2  feet  above  the  water  table.  As  the  cement  sets  up,  water  should  drain  out  of  the 
casing  into  the  formation  above  the  water  table.  This  avoids  the  need  to  dispose  of 
potentially  contaminated  water.  On  the  final  lift,  cement  should  be  brought  to  within  S 
to  10  feet  of  the  groimd  surface.  It  will  be  necessary  to  pump  cement  wash  water  into 
a  tank  trunk  for  disposal  on  the  final  lift.  The  earth  will  be  excavated  and  the  casing 
cut  about  3  feet  below  grade.  Finally,  the  cement  should  be  topped  off  to  the  ground 
surface  on  outdoor  wells.  Wells  located  within  buildings  will  be  cemented  so  that  the 
top  of  the  cement  is  flush  with  the  floor  surface.  AH  equipment  should  be  steam- 
cleaned  before  use  at  the  next  well. 

Perforation  of  the  casing  will  take  place  immediately  prior  to  cementing.  The  length  of 
casing  to  be  perforated  will  not  exceed  the  length  of  the  interval  to  be  cemented  on  the 
next  lift.  Typically,  perforation  will  be  accomplished  with  a  mills  knife  perforator,  in 
which  hydraulics  cause  the  blade  to  cut  into  the  casing.  Four  perforations  will  be  cut 
per  row,  with  one  row  per  foot.  Each  perforation  will  be  about  one-third  inch  in 
thickness,  and  about  3  inches  in  length.  Based  on  the  conclusions  drawn  during  the 
Preliminary  Work,  it  may  be  necessary  to  employ  an  alternative  method  of  perforation 
in  certain  wells.  This  method  may  be  explosive  shot  perforation,  hydro-jetting,  or  some 
other  method,  and  will  be  described  in  ^e  Technical  Memorandum. 

The  length  of  the  interval  to  be  cemented  will  depend  on  the  length  of  existing 
perforations  and  the  experience  of  previous  lifts  in  that  well.  Expected  lithology  may 
also  affect  the  length.  For  example,  shorter  lengths  may  be  necessary  in  zones  of  high 
permeability  because  of  the  need  to  employ  special  techniques  (see  the  discussion 
below).  In  general,  decommissioning  at  a  given  well  will  begin  with  a  short  lift  of  about 
15  feet,  and  in-^ease  with  experience  to  a  maximum  of  no  more  than  about  50  feet. 

Abandonment  with  a  Low* Viscosity  Cement 

A  different  approach  is  necessary  in  wells  that  are  perforated  continuously  for  great 
lengths  or  that  contain  casing  that  is  judged  too  weak  to  sustain  the  pressure  generated 
by  use  of  the  cup  packer.  Setting  a  cup  packer  within  a  perforated  zone  is  pointless 
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because  the  closed  piston  necessary  to  generate  hydraulic  pressure  may  not  be 
obtained.  Setting  a  cup  packer  within  a  zone  of  weak  casing  risks  casing  collapse  or 
may  cause  holes  to  open,  thereby  allowing  sediment  to  flow  into  the  well. 

Studies  performed  by  Halliburton  have  shown  that  neat  cement,  cement  containing 
pozzolans,  and  cement  containing  CFR-3  will  be  forced  through  well  perforations  and 
into  a  surrounding  gravelpack  mixed  with  formation  material  under  a  driving  pressure 
of  less  than  30  psi.  The  hydrostatic  pressure  of  a  column  of  water  is  about  0.433  psi 
per  foot.  Thus,  a  driving  pressure  of  30  psi  is  obtained  by  a  column  of  water  about 
70  feet  high.  A  feasible  abandonment  technique  below  a  depth  of  70  feet  would 
therefore  involve  pumping  grout  into  the  interval  to  be  sealed,  raising  the  tremmie  pipe 
above  the  grout,  and  then  adding  water  sufficient  to  maintain  a  column  of  water  at 
least  70  feet  high  above  the  grout.  In  other  words,  the  hydrostatic  pressure  of  a 
column  of  water  greater  than  70  feet  should  provide  sufficient  pressure  to  force  the 
grout  mixture  into  the  gravel  pack. 

In  wells  with  weak  casing  or  that  are  perforated  continuously  for  long  lengths,  the 
approach  will  be  to  cement  the  well  in  a  series  of  lifts  using  a  low-viscosity  cement.  At 
McQellan  AFB  standard  fine  cement  with  the  addition  of  CFR-3  was  found  to  work 
well  during  the  first  phase.  The  tremmie  pipe  should  be  set  about  10  feet  off  the  bot¬ 
tom,  and  water  circulated  down  the  hole  prior  to  cementing.  After  the  cement  is 
pumped,  an  attempt  should  be  made  to  apply  a  head  of  water  to  the  well.  At  McClel¬ 
lan  AFB,  the  static  water  level  is  about  90  to  110  feet  below  the  ground  surface.  A 
head  of  water  provides  about  45  to  55  psi  of  pressure,  which  is  transmitted  directly  to 
the  top  of  the  cement.  It  may  not  be  possible  to  maintain  a  full  head  during  the  early 
stages  of  abandonment  because  the  water  will  be  lost  to  the  formation.  As  the  well  is 
cemented  off,  however,  it  becomes  easier  to  apply  the  head.  Success  with  this  method 
is  observed  by  comparing  the  calculated  top  of  cement  for  the  volume  pumped  with  the 
actual  top  as  measured  by  the  tag. 

Zones  of  High  Permeability 

Potential  problems  may  result  when  grouting  next  to  very  permeable  formations. 
Inability  to  maintain  pressure  at  the  wellhead  may  be  countered  by  any  or  a  combina¬ 
tion  of  several  techniques  (Halliburton  Services,  1985): 

•  Blocking  circulation  loss  channels  with  flaty,  fibrous,  granular,  or  gelling 
additives.  These  may  include  walnut  shells,  bentonite,  quick-setting  gyp¬ 
sum  cement,  or  Portland  cement  with  an  accelerator. 

•  Plugging  with  quick-setting  cements  which  set  up  while  flowing  into 
charmels. 

•  Lightening  the  column  of  slurry  and/or  decreasing  the  pressure. 

•  Using  the  hesitation  method-placing  cement  in  alternate  pumping/waiting 
periods,  encouraging  the  controUed  deposition  of  cement  solids  against 
the  formation. 
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Modificc*'on  of  Base  Well  7 


Available  records  indicate  that  BW-7  is  probably  grouted  from  a  depth  of  about  80  feet 
to  a  total  depth  of  about  398  feet.  In  order  to  ensure  that  the  gravel  park  is  properly 
sealed,  it  will  be  necessary  to  drill  the  well  out  and  perforate  the  entire  length  of  casing. 
However,  a  potential  problem  may  result  from  the  fact  that  previous  efforts  to  drill  out 
the  inside  of  the  casing  were  unsuccessful.  For  example,  the  former  pump  or  pump 
colunm  may  be  in  the  casing.  The  television  survey  may  provide  insight  that  will  assist 
in  developing  an  appropriate  approach.  Alternative  methods  of  abandonment  may 
involve  rotary  overwash  of  the  casing,  or  drilling  out  the  gravel  pack  with  a  small  diam¬ 
eter  drill  bit,  followed  by  cementing  the  annulus  with  a  tremmie  pipe.  Any  abandon¬ 
ment  approach  that  differs  from  the  approach  described  in  previous  sections  of  this 
report  will  be  approved  by  the  regulatory  agencies  in  advance.  If  this  approach  can  be 
developed  based  on  the  results  of  the  television  survey,  it  will  be  outlined  in  the  techni¬ 
cal  memorandum  prepared  after  preliminaiy  work  on  the  McQellan  AFB  wells  is 
complete. 

Modification  of  Base  Well  8 

Based  on  additional  information  collected  during  Phase  11  in  1992,  BW-8  was  found  to 
have  two  well  casings;  a  12-inch  well  casing  (assumed  to  be  the  original  well  which 
extended  down  to  389  feet)  and  a  solid  10-inch  casing  or  liner  that  extended  to 
662  feet.  The  total  depth  of  the  well  was  779  feet.  Three  voids  were  noted  during  a 
1992  television  survey  between  662  and  779  feet. 

The  lower  portion  of  BW-8  extending  from  approximately  779  feet  to  662  feet  will  be 
filled  with  a  sand  slurry  cement  to  seal  the  three  large  voids.  The  10-inch  iimer  casing 
will  then  be  perforated  from  662  feet  to  410  feet  and  sealed  with  another  lift  of  sand 
slurry  cement.  From  380  to  410  feet  the  inner  casing  will  be  perforated  to  induce  sand 
which  might  be  in  the  annular  space  between  the  10  and  12-inch  casing  to  flow  into  the 
well. 

The  inner  casing  will  then  be  cut  at  the  bottom  of  the  original  well  (around  389  feet) 
with  a  Mills  knife.  An  attempt  will  be  made  to  pull  the  10  inch  casing  from  the  weU. 
If  the  10-inch  casing  is  successfully  removed,  then  the  well  will  be  bailed  out  and 
another  downhole  television  survey  will  be  performed.  Depending  on  the  conditions  of 
the  12-inch  casing,  it  may  be  necessary  to  clean  the  casing  and  perform  a  second 
television  surv^.  The  well  would  then  be  pressure  grouted  from  170  to  389  feet  and 
then  perforated  and  pressure  grouted  from  170  to  85  feet. 

If  the  attempt  to  pull  the  liner  is  unsuccessful,  it  may  be  possible  to  cut  shorter  lengths 
of  the  casing  and  to  pull  these  segments  out  using  borehole  "fishing"  tools.  If  this 
method  is  unsuccessful,  it  may  be  necessary  to  shot-perforate  through  the  liner  and 
casing.  BW-8  will  then  be  decommissioned  pressure-grouting  according  to  the 
procedures  described  in  this  report. 
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Base  Wells  17  and  28 


BW-17  and  BW-28  were  both  drilled  by  the  cable  tool  method.  The  main  difference 
between  a  well  drilled  by  the  cable  tool  method  and  one  drilled  by  the  rotary  method 
from  a  weU  abandonment  perspective  is  that  there  is  no  gravel  pack  associated  with  a 
cable  tool  well.  Since  there  is  no  gravel  pack,  the  calculations  for  cement  volumes  must 
be  adjusted.  Cement  volumes  will  therefore  be  calculated  based  on  the  inside  volume 
of  the  casing,  plus  an  additional  10  percent  to  fill  the  micro-annulus  outside  the  casing. 
This  additional  10  percent  is  felt  to  be  conservative  since  subsurface  clays  may  be 
expected  to  have  swelled  up  tightly  against  the  well  casing.  Otherwise  the 
decommissioning  approach  will  be  the  same  as  other  wells,  with  grout  applied  under 
pressure  in  a  series  of  lifts. 

Camp  KoMer  Wells 

LW-1  and  LW-2  have  been  found  to  be  abandoned  at  Camp  Kohler,  although  it  is 
uncertain  whether  the  piunps  were  cemented  in  the  casing.  An  initial  step  for  these 
wells  may  be  to  drill  a  core  into  the  concrete  to  determine  whether  the  pump  is 
present,  and  whether  a  gravel  pack  is  present  between  the  production  casing  end 
conductor  casing.  If  no  pump  colunm  is  found,  then  the  core  will  be  extended  into  z 
concrete  for  a  few  feet. 

Afterward,  the  concrete  may  be  drilled  out  using  mud  rotaiy  techniques  and  a  tricone 
drill  bit.  The  casing  would  then  be  perforated  and  cemented  as  at  other  wells.  The 
actual  approach  followed  to  decommission  LW-1  and  LW-2  will  depend  on  field 
conditions.  If  an  alternative  approach  to  decommissioning  the  weUs  is  developed,  it  will 
be  submitted  to  the  regulatory  agencies  for  approval  prior  to  beginning  the  work.  It  is 
expected  that  LW-1  and  LW-2  will  be  deconunissioned  before  BW-7,  which  is  located 
in  an  area  of  potential  contamination  at  McCleUan  AFB.  Experience  gained  at  LW-1 
and  LW-2  should  be  helpful  at  BW-7. 

The  Seismic  Well  and  the  Triax  Hole  were  given  a  cement  bond  survey  to  evaluate  the 
integrity  of  the  cement  seal  that  completely  contains  the  casing  throughout  the  length 
of  the  weU.  Copies  of  the  cement  survey  logs  are  included  in  Appendix  C.  The  surveys 
indicated  that  the  seal  appeared  to  be  in  relatively  good  condition  in  the  Seismic  Well, 
which  is  500  feet  deep.  The  cement  seal  in  this  well  probably  provides  adequate 
isolation  of  aquifer  zones. 

The  log  for  the  Triax  Hole  appeared  to  be  ambiguous,  with  conflicting  signals  of  the 
quality  of  the  cement  seal.  According  to  base  records,  the  Triax  Hole  is  200  feet  deep 
with  a  surface  elevation  of  110  feet  The  water  table  elevation  in  the  vicini^  of  Camp 
Kohler  in  1989  was  about  -35  feet  Mean  Sea  Level  with  long-term  trends  indicating 
gradual  decline  (Radian  Corporation,  1991).  Therefore,  the  depth  to  water  at  present 
is  approximately  135-140  feet  below  the  ground  surface.  The  Seismic  Well  will  be 
cemented  in  one  continuous  operation  by  pumping  a  sand  cement  mix  through  a 
tremmie  pipe  that  has  been  lowered  to  witl^  a  few  feet  of  the  bottom  of  the  wells. 
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The  Triax  Hole  will  be  decommissioned  by  pressure-grouting.  A  detailed  approach  will 
be  provided  in  the  Technical  Memorandum  that  will  follow  a  television  survey 
performed  during  the  Preliminary  Work. 

Disposal  of  Waste  Materials 

Two  main  categories  of  waste  may  be  generated  during  the  decommissioning  of  base 
wells:  pump  lubricating  oil  removed  from  the  casing  prior  to  cementing;  and  water 
generated  during  the  decontamination  of  equipment  between  wells.  Pump  lubricating 
oil  will  be  stored  in  55-gallon  drums  at  the  well  site.  Although  the  California  Health 
and  Safety  Code  requires  that  used  oil  be  managed  as  a  hazardous  waste,  provisions 
allow  for  the  oil  to  be  recycled.  By  recycling  the  used  oil,  the  RCRA  Land  Ban  is 
bypassed  (California  Department  of  Toxic  Substances  Control,  1990,  pers.  comm.). 

Manifesting  requirements  for  used  oil  are  thus  greatly  simplified.  The  recycler  must  fill 
out  a  uniform  hazardous  waste  manifest  for  each  vehicle  operated  during  a  particular 
day,  completing  both  the  generator  and  hauler  sections  using  the  hauler’s  name.  The 
hauler  will  attach  receipts  for  each  quantity  of  used  oil  received  from  a  generator  and 
give  copies  of  receipts  to  each  generator  of  used  oil,  identifying  the  generator  and  the 
hauler,  the  amount  and  the  date,  and  stating  the  manifest  number.  The  generator  must 
keep  receipts  for  at  least  3  years. 

Two  tests  must  be  performed  on  the  oil  by  the  recycler:  a  chloro-detect  test  and  a 
flash  point  test.  These  tests  may  be  performed  in  the  field  prior  to  hauling  the  oil. 
The  chloro-detect  test  will  detect  chlorides  and  halides,  including  contaminants  poten¬ 
tially  present  in  water,  at  a  level  of  1,000  ppm.  The  flash  point  test  will  determine 
whether  the  oil  has  a  flash  point  less  than  1^°?.  If  contaminants  are  present  above 
1,000  ppm,  or  if  the  flash  point  of  the  oil  is  less  than  140®F,  the  oU  can  still  be  recycled, 
but  the  Air  Force  will  be  immediately  notified.  However,  it  is  not  expected  that  these 
levels  will  be  exceeded. 

CH2M  HILL  will  make  arrangements  for  shipping,  handling,  and  disposal  of  the  drum¬ 
med  oU  as  approved  by  the  Air  Force.  However,  the  Air  Force  will  sign  any  manifests 
as  generator.  The  Air  Force  wiU  be  given  48-hour  notice  before  collection  of  the  oil  by 
the  recycler. 

The  decommissioning  process  has  been  designed  so  that  no  wastewater  will  be 
generated  and  will  therefore  require  no  disposal.  If  it  should  become  necessary  to 
generate  wastewater  for  disposal  from  decontamination  or  some  unanticipated  event 
during  the  field  work,  this  water  will  be  pumped  into  a  portable  Baker  tank  and 
transported  to  the  groundwater  treatment  plant  on  base  for  treatment  and  disposal.  If 
the  water  is  unacceptable  for  treatment  at  the  groundwater  treatment  plant,  such  as 
because  of  high  turbidity,  it  will  be  delivered  to  the  industrial  wastewater  treatment 
plant.  The  Air  Force  wffl  be  given  48-hour  notice  before  delivery  of  the  v  ell  water  to 
either  treatment  plant. 
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Conclusion 


After  base  wells  have  been  deconunissioned  or  modified,  CH2M  HELL  will  prepare  an 
Informational  Field  Report,  summarizing  all  field  activities  associated  with  the  field 
work,  as  recorded  in  the  field  log.  This  report  will  be  prepared  and  signed  by  a 
licensed  professional,  and  will  include  any  conclusions  and  recommendations  that  may 
be  necessary.  All  field  notes  will  be  included  as  appendixes. 
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This  document  is  the  CH2M  HILL  Site  Safety  Plan  (SSP)  covering  potential  activities  that 
may  be  required  under  CH2M  HILL’s  master  contract  with  McQellan  AFB.  Therefore, 
activities  described  in  the  SSP  and  Attachments  A  and  B  may  not  specifically  apply  to  Well 
Abandonment  work.  The  Addendum  contains  information  specific  to  Well  Abandonment 
activities. 


CHZMHILL 
SITE  SAFETY  PLAN 


I.  GENERAL  INFORMATION 

CLIENT:  Mcaellan  Air  Force  Base _  JOB  NO:  SAC28722 

PROJECT  MANAGER:  Starr  Pehn  _ 

SITE  NAME:  McClellan  Air  Force  Base  (MAFB) _ 

SITE  LOCATION:  McOellan  Air  Force  Base,  California _ 

PURPOSE  OF  FIELD  VISIT(S):  Source  testing,  site  survey,  waste _ 

minimization  and  treatability  studies,  site  inspections  (see  Attachment  A). 

DATE  OF  VISIT(S):  April  30,  1990  through  1992 _ 

BACKGROUND  lOTORMATION:  Complete  Preliminary  X 

INFORMATION  AVAILABLE  FROM:  SAC  (office) _ 

OVERALL  HAZARD  SUMMARY:  Serious _  Moderate 

Low  Unknown  X 


n.  SITE  CHARACTERISTICS 

A.  Site  Description  and  Overview  of  Planned  Activities  (attach  site  map): 

•  McQellan  Air  Force  Base  is  located  north  of  Sacramento,  Cal¬ 
ifornia.  According  to  Dave  Faulkner  (Navy),  the  base  is  approx¬ 
imately  3  miles  north-south  and  approximately  2  miles  east-west  in 
length 

•  The  description  of  planned  activities  are  listed  in  Attachment  A 

•  The  base  is  on  the  Central  California  Valley  with  excellent  city 
street  and  interstate  highway  access.  Access  by  air  is  excellent 

•  Toxic  or  hazardous  substances  known  or  expected  onsite,  discus¬ 
sion  of  physical  and  chemical  properties,  and  probable  pathways 
of  migration  or  dispersion  will  be  addressed  on  a  task-specific 
basis  in  the  CH2M  HILL  Site  Safety  Plan  Addendum  (see 
attached  addendum  form) 

•  Emergency  response  support  is  available  from  MAFB.  First 
response  is  obtained  from  the  fire  department  and  calls  can  be 
made  to  the  department  directly  or  through  the  duty  officer  (see 
telephone  numbers  Section  VL  J).  The  base  hais  a  Disaster 
Response  Force,  as  second  response,  which  consists  of  military 
personnel,  the  bioenvironmental  group,  and  the  on-base  clinic. 


SAC/n92A>44Sl 


1 


B.  Status  (active,  inactive,  unknown;  and  nature  of  any  site  activity): 

Active  Air  Force  base 

C.  History  (worker  or  nonworker  injury;  complaints  from  public;  previous 
investigations  or  remedial  action): 

The  MAFB  is  a  RCRA  facility  and  a  CERCLA  site.  The  site  is  on  the 
National  Priority  Ust. 

D.  Principal  Materials  Handling  Activities  (type,  amount,  and  location  of 
wastes  or  hazardous  materials  disposed  of>  stored,  treated,  or  handled  at 
the  site): 

Not  applicable. 

E.  Features  and  Unusual  Features  (water  supply,  telephone,  radio,  power 
lines,  gas  lines,  watermains,  suspect  terrain,  etc.): 

Utility  lines,  both  above  ground  and  below  ground,  may  pose  a  safety 
hazard  for  team  members  during  excavation  or  boring.  If  a  driller  is 
used,  the  driller  must  maintain  a  safe  clearance  (at  least  20  feet)  between 
overhead  utility  lines  and  the  drill-rig  mast  at  all  times  during  site 
operations.  The  location  of  utility  lines  must  be  determined  prior  tc 
startup  and  the  utility  must  be  contacted  48  hours  prior  to  excavation  or 
drilling  by  contacting  Underground  Services  Alert  at  800/422-4133  and 
Tom  Egan,  MAFB  Engineering  at  916/643-4875. 


in.  WASTE  CHARACrrERISnCS 

A.  Waste  Typefs): 

Liquid  X  Solid  X  Sludge  X  Gas  X 

B.  Characteristic(s): 

Cbrrosive  X  Ignitable  X  Radioactive _  Mixed  Waste _ 

Volatile  X  Toxic  X  Reactive _  Unknown _  Other  (name) 


SAC/n92^Jl 


2 


IV.  HAZARD  EVALUATION 


A.  Overall  Hazard  Level: 

The  hazard  level  of  each  activity  will  be  assessed  and  reported  on  the 
addendum  form. 

B.  Chemical  Hazards: 

The  major  types  of  processes  in  operation  on  the  base  are  paint  removal, 
painting,  plating,  and  foundry.  Each  process  has  overall  types  of 
chemicals  that  are  associated  with  the  process.  For  example,  in  the 
removal  of  paint,  paint  removers  containing  compounds  such  as  methy¬ 
lene  chloride,  are  used.  In  the  painting  operations,  toluene-  and  xylene- 
based  paints  are  applied  to  parts.  Plating  processes  contain  several  types 
of  chemicals  including  degreasers,  acids,  rust  removers,  and  cyanide. 
Finally,  foundries  may  contain  metallic  fumes.  The  above  processes  are 
not  inclusive  of  all  the  base  operations  as  are  the  examples  of  the  process 
associated  chemicals.  Therefore,  for  each  task  and/or  site  visit,  a  SSP 
addendum  will  be  attached  to  the  overall  SSP  which  addresses  each  site’s 
hazard.  The  addendum  will  contain  more  detailed  information  on 
chemical  hazards  and  will  address  task  and/or  site-specific  chemical 
hazards. 

C.  Physical  Hazards: 

The  major  potential  physical  hazards  possible  at  the  site  are:  flam¬ 
mability  of  vapors,  explosive  conditions;  utilities;  moving  and  mobile 
equipment;  trips,  slips,  and  falls;  and  heat  stress.  These  physical  hazards 
may  not  represent  every  site  at  MAFB,  therefore,  for  each  task  and/or 
site,  a  SSP  addendum  contain  more  detailed  information  on  physical 
hazards  and  will  address  task  and/or  site-specific  physical  hazards. 

Explosions  of  vapor  in  confined  spaces  can  be  fatal,  and  workers  must  be 
attentive  to  this  danger  and  guard  against  carelessness  at  all  times.  The 
lower  explosive  limit  (LEL)  is  compound  specific.  When  the  vapors  are 
heavier  than  air,  their  explosivity  and  flammability  hazard  are  increased. 
Vapors  will  tend  to  concentrate  near  the  ground  and  in  low  lying  areas, 
and  will  not  be  readily  mixed  or  diluted  with  ambient  air.  When 
monitoring  LEL,  it  is  important  to  take  measurements  at  ground  level. 
In  order  to  prevent  explosivity  and  flammability  hazards,  each  team 
member  must  make  sure  that  no  spark  sources,  such  as  h'ghters,  matches, 
unapproved  flashb'ghts,  etc.,  are  brought  into  the  exclusion  zone.  The 
Site  Safety  Coordinator  (SSC)  must  inspect  the  exclusion  zone  for  spark 
sources  including  wiring,  motors,  etc.,  and  enforce  the  requirements  for 
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fire  prevention,  including  intrinsically  safe  electrical  equipment,  spari' 
arrestors  on  vehicles,  and  exclusion  of  unauthorized  personnel. 

D.  Hazards  Posed  by  Site  Activities: 

Hazards  may  exist  from  moving  process  equipment  (such  as  pumps  and 
conveyors  and  mobile  equipment  (such  as  forklifts).  Personnel  must  be 
alert  for  these  hazards,  and  protect  clothing  and  hair  from  entrapment  in 
equipment,  and  use  common  sense  in  these  situation.  To  protect  from 
slips,  trips,  and  falls,proper  precautions  and  good  judgement  must  be 
exercised.  Personnel  should  be  especiaUy  alert  when  working  near  pits 
and  excavations.  Exercising  caution,  using  safe  ladder  practices,  and 
using  the  buddy  system  around  stacks  is  important. 

E.  Heat  and  Cold  Stress  Hazards; 

Heat  stress  is  a  hazard  of  concrm  during  summer  months.  Heat  stress  at 
hazardous  waste  sites  usually  occurs  because  impermeable  protective 
clothing  decreases  natural  body  ventilation.  Attachment  B  addresses  heat 
stress  hazards  specifically. 

F.  Biological  Hazards: 

G.  Unusual  Hazards; 

(Note:  List  unique  hazards  of  site,  if  any.)  (Insects,  snakes,  microbes, 
etc.) 

H.  Hazards  Posed  by  Chemical  Substances  Provided  by  CH2M  HILL: 

In  accordance  with  20  CFR  1910.1200,  Hazard  Communication,  Material 
Safety  Data  Sheets  are  provided  for  the  following  chemicals:  (list) 
(Examples,  sample  preservatives,  calibration  gases,  etc.) 
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V.  PROCEDURES 


A.  SITE  ORGANIZATION: 

Map/Sketch  Attached  Yes  Site  Secured  Yes 

Perimeter  Identified  Yes 

2Lone(s)  of  Contamination  Identified  No 

B.  SITE  PERSONNEL: 


Team  Organization _ 

_ Team  Member/Office  _ Responsibility 


Starr  Dehn/SAC 
John  Castleberry/SAC 
Susanne  Davis/SAC 
Bill  Morgan/MGM 
John  Spitsley/RDD* 
Allison  Gammel/SFO* 
Pamela  Beekley/SAC* 
Sue  Keydel/SFO 
Robert  Koster/SAC 
Karla  Ebert/SAC 
Chuck  OucUette/SAC 


Project  Administrator/Observer 
Project  Scientist/Level  C 
Project  Scientist/Level  C 
Project  Scientist/Level  C 
Project  Scientist/Observer 
Project  Scientist/Observer 
Project  Scientist/Observer 
Project  Scientist/Level  C  SSC 
Project  Scientist/Level  C 
Project  Scientist/Level  C  SSC 
Project  Scientist/Level  C 


'Observers  must  remain  in  clean  areas  and  upwind  of  the  exclusion 
zone.  Observers  will  not  conduct  sampling  activities. 


Each  of  the  team  members  named  above  has  been  certified  as  fit  for  the 
anticipated  work  by  the  CH2M  HILL  medical  surveillance  program,  and 
has  completed  the  training  requirements  of  29  CFR  1910.120.  In 
addition,  each  is  currently  certified  by  the  American  Red  Cross,  or 
equivalent,  in  both  first  aid  and  CPR. 
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c. 


ONSITE  ENGINEERING  CONTROLS: 


Onsite  engineering  controls  include  covers  for  waste  piles  and  cuttings 
and  barricades  to  keep  unauthorized  people  from  entering  contaminated 
areas. 

D.  WORK  PRACTICES: 

Site  personnel  will  avoid  any  visibly  contaminated  areas  onsite.  In 
general,  work  practices  shall  be  designed  to  decrease  time  of  exposure, 
increase  distance  to  the  source,  or  shield  the  exposed  individual. 

E.  PERSONAL  PROTECTIVE  EQUIPMENT: 


Basic  Site  Level  of  Protection: 

A _  B _  C  X  D  X 

Polycoated  Tyvek  coveralls  with  nitrile  outer  gloves  and  latex  inner  gloves 
will  be  worn  when  splash  protection  is  needed.  Nitrile  outer  gloves  and 
latex  inner  gloves  will  be  worn  during  sampling  and  when  handling 
samples.  Safety  glasses,  hard  hat,  and  neoprene  steel  toe/shank  boots 
will  be  worn  while  onsite.  A  TLD  or  equivalent  badge  must  be  worn  by 
all  team  members. 


Level  C  will  include  the  equipment  listed  above  plus  a  full-face  air 
purifying  respirator  (APR)  with  organic  vapor  cartridges  (GMC-H). 


_ Task _ 

Site  inspection  and  walkthrough 
Source  testing 

Treatability  studies 

Other  tasks 


Initial  Level  of  Protection 


Level  D 

Level  C  (may  be  downgraded  to 
Level  D  by  SSC  if  HNu  readings 
are  less  than  1  ppm.) 

Must  prepare  an  amendment 
with  further  descriptions  of  each 
activity  to  be  conducted. 

Must  prepare  an  amendment 
with  further  descriptions  of  task 


SACyn92AH4Jl 


6 


F. 


GENERAL  HAZARDOUS  WASTE  SITE  MONITORING  EQUIP- 
MENT  AND  PROCEDURES; 


Periodic  monitoring  of  the  site  is  required  to  determine  the  effectiveness 
of  engineering  controls,  to  re-evaluate  levels  of  protection,  and  determine 
if  site  conditions  have  changed.  At  a  minimum,  monitor  at  the  beginning 
of  each  shift,  periodically  (e.g.,  every  15  minutes)  throughout  the  work, 
whenever  work  begins  at  a  new  area  onsite  or  when  different 
contaminants  are  encountered  or  a  different  work  activity  begins.  Spe¬ 
cific  monitoring  locations  and  frequencies  are  given  below. 

Carefully  inspect  each  piece  of  monitoring  equipment  prior  to  work 
startup.  Failure  of  any  of  the  equipment  listed  below  to  work  properly 
must  be  reported  to  the  Project  Manager  immediately. 

1.  Explosimeter/Oj  meter:  Calibrate  prior  to  each  day’s  activities 
according  to  manufacturer’s  instructions.  Recharge  at  the  end  of 
each  day.  Monitor  (Note  to  Preparer;  Specify  frequency,  loca¬ 
tion)  and  record  measured  levels  in  the  log  book  (Note  to 
Preparer:  Specify  frequency). 

Action  levels: 

Explosive  Atmosphere  (measured  at  source,  i.e.,  borehole,  test  pit, 
etc.) 

Action  Levels  (measured  at  the  borehole): 

•  Less  than  5  percent  LEL-Continue  drilling. 

•  Greater  than  5  to  20  percent  LEL-Continue  drilling  with 
caution. 

•  Greater  than  20  percent  LEL-Shutdown  drilling  operations 
and  allow  area  to  ventilate  until  LEL  falls  below  10  pjercent 
before  resuming  work.  Mechanical  ventilation  (i.e.,  blower) 
may  be  required  to  reduce  flammable  vapors  to  below 
20  percent.  Do  not  place  blower  in  atmospheres  greater 
than  20  percent  of  the  LEL. 

Oxygen  (measured  in  breathing  zone) 

il9.5%  Shut  down  drilling  operations  and  ventilate  until 

O2  increases  to  above  19.5% 

19.5%  to  25%  Monitor 
^25%  Evacuate 
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2. 


Rad-mini  (used  at  sites  where  exposure  to  ionizing  radiation  is  not 
expected):  Check  background  and  check  response  using  a  Cole 
man  lantern  mantle.  Monitor  continuously  and  record  location 
and  time  of  alerts  in  the  log  book. 

Action  levels:  The  Rad-Mini  is  used  on  initial  entry  to  sites  or 
where  exposure  to  radiation  is  not  expected  but  may  occur 
(trenching  operations,  opening  containers,  etc.).  The  Rad-mini 
sounds  an  alarm  at  10  mRem/hr.  Site  personnel  will  mark  the 
spot  where  the  alarm  occurred,  leave  the  site  following  as  nearly 
as  possible  the  path  taken  into  the  site,  and  call  the  Project 
Manager  to  arrange  for  health  physics  support.  The  following 
action  levels  apply  during  routine  use  of  radiation  survey  meters  at 
sites  where  exposure  to  radiation  is  not  expected  but  may  be 
possible. 

•  Background  to  1  mR/hr  above  background-continue  opera¬ 
tions;  identify  zone  of  radiation  contamination  and  mini¬ 
mize  work  time  in  this  area. 

•  1  mR/hr  to  2  mR/hr  above  background-notify  SSP 
approver  of  measurements  and  any  unusual  conditions  or 
specific  control  measures. 

•  Greater  than  2  mR/hr  above  background-stop  operations; 
evacuate  work  area;  and  notify  SSP  approver.  Field  work 
will  require  health  physics  evaluation  and  protection 
measures  to  be  implemented  before  proceeding  with  field 
activities. 

3.  HNU  (with  10.2  eV  Lamp):  Calibrate  prior  to  each  day’s  ac¬ 
tivities,  according  to  manufacturer’s  instructions.  Record  cal¬ 
ibration  in  the  SSC  log  book.  Recalibrate  after  cleaning  the  lamp 
or  when  background  levels  drift.  This  instrument  is  sensitive  to 
humidity  and  may  require  periodic  lamp  cleaning  if  it  is  humid. 
Monitor  for  background  concentrations  (specify  frequency,  loca¬ 
tion)  and  then  upon  initial  entry  record  measured  levels  in  the  log 
books  (specify  frequency).  Monitor  continuously  while  drilling  or 
performing  intrusive  activities.  Readings  should  be  recorded  every 
1/2  hours. 

Action  levels:  Note  to  preparer:  Action  levels  for  the  10.2  eV 
HNU  are  specified  based  on  knowledge  of  the  contaminants  pres¬ 
ent,  the  response  of  the  instrument  to  those  contaminants  or  mix¬ 
tures  of  contaminants,  weather  conditions,  engineering  controls, 
and  level  of  personal  protection  being  worn.  In  situations  wher 
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information  does  not  exist  for  a  more  informed  decision,  monitor 
continuously,  record  readings  at  a  minimum  of  15-minute  intervals 
and  use  the  following  action  levels: 


» 

I 


A 


Reading 


Action/PPE 


0-1  ppm  above  Level  D;  continue  monitoring 

background*'* 


>1-5  ppm  above  Level  C;  full  facepiece  respirator  with 

background'*  GMC-H  cartridges.  Continue 

monitoring. 


>5  ppm 


Call  safety  plan  approver 


'Background  is  established  offsite  and  upwind  before  the  start  of 
daily  activities. 

'*Readings  are  taken  in  the  breathing  zone  over  a  5-minute 
period. 


G.  SITE  ENTRY  PROCEDURES: 


•  Conduct  Site  Safety  briefing  before  starting  field  activities 

•  Determine  wind  direction,  install  wind  flags,  and  establish  work 
zones  onsite  (e.g.,  exclusion  zone;  contamination  reduction  zone; 
and  support  zone) 

•  Set  up  decontamination  facilities. 

•  If  toilet  facilities  are  not  located  within  a  3-minute  walk  from  the 
decontamination  facilities,  either  provide  a  chemical  toilet  and 
hand  washing  facilities  or  have  a  vehicle  available  (not  the 
emergency  vehicle)  for  transport  to  nearby  facilities. 

•  Conduct  site  entry  monitoring  using  the  HNu,  explosimeter/ 
O2  detector  and  Rad  mini. 

H.  WORK  LIMITATIONS:  (Time  of  day,  etc.) 

•  No  eating,  drinking,  or  smoking  onsite. 

•  No  contact  lenses  onsite. 


No  facial  hair  that  would  interfere  with  respirator  fit. 
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Buddy  system  at  all  times  in  exclusion  zone. 


•  CH2M  HILL  employees  to  wear  TLD  badges  or  equivalent  at  all 
times  when  on  or  near  the  site. 

•  Site  work  will  be  performed  during  daylight  hours  whenever 
possible.  Any  work  conducted  during  hours  of  darkness  will 
require  the  following  minimum  illumination  intensity: 

General  Site  Areas  5  foot-candles 

First  Aid  Station/Office/Lab  30  foot-candles 

Storerooms,  Changehouse,  Toilets,  Rest  10  foot-candles 

Areas 

•  Motors  used  in  the  exclusion  zone  will  be  non-sparking  electrical 
motors  or  equipped  with  spark  arrestors. 

•  Fuel  supplies  will  be  properly  stored  and  grounded. 

r.  DECONTAMINATION  PROCEDURES: 

Set  up  decontamination  area  upwind  of  the  exclusion  zone.  Water  and 
TSP  detergent  should  be  placed  in  buckets  prior  to  beginning  work.  The 
decontamination  area  should  be  a  sufficient  distance  from  the  work  in 
the  exclusion  zone  so  that  the  decon  area  will  not  become  contaminated 
by  splashing  water  or  flying  dirt. 

Personnel  Decontamination  Procedures: 

Wash  boots  and  outer  gloves  in  detergent  and  water,  rinse,  and  remove 
outer  gloves;  remove  and  bag  coveralls;  if  cotton  coveralls  are  used,  bag 
in  plastic  bags  and  wash  prior  to  rewearing;  remove  respirator,  if  worn; 
remove  surgical  gloves  and  dispose  in  a  plastic  trash  bag;  wash  hands  and 
face;  sanitize  respirator  nightly,  if  used;  take  a  shower  and  wash  hair  as 
soon  as  possible  after  leaving  the  site. 

Equipment  Needed: 

Buckets,  detergent,  cleaner-sanitizer,  brushed,  garbage  bags,  hand  soap, 
and  paper  towels. 
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Follow  procedures  outlined  in  sampling  plan. 

For  Heavy  Equipment: 

Wash  off  the  bucket  of  the  backhoe  or  the  drilling  equipment  with 
detergent  and  water;  rinse  in  water.  Use  the  hNu  to  monitor  the 
backhoe  or  drilling  equipment.  If  hNu  readings  are  detected  from  the 
equipment,  steam  clean  it  prior  to  removing  it  from  the  site. 

Documentation: 

It  is  the  responsibility  of  the  SSC  to  make  sure  that  all  equipment  coming 
offsite  is  properly  decontaminated  according  to  the  procedures  outlined 
above.  At  a  minimum,  visual  indication  of  contamination  will  be 
removed,  and  no  organic  vapors  detectable  above  background  should 
remain.  The  equipment  and  samples  will  be  clean,  dry,  and  free  from 
stains,  deposits,  encrustations,  or  discoloration.  Documentation  of 
decontamination  must  be  made  in  the  field  log  notebook,  which  will  bee 
ome  part  of  the  permanent  project  file.  A  suitable  tag  is  to  be  placed  on 
each  piece  of  decontaminated  CH2M  HILL  equipment  (or  group  of 
equipment,  such  as  a  bag  of  hand  tools)  stating  the  date  of 
decontamination  and  initialed  by  the  SSC. 

MATERIAL  HANDLING  PROCEDURES: 

The  following  general  material  handling  procedures  apply: 

•  Drums  and  containers  meeting  the  appropriate  DOT,  OSHA,  and 
EPA  regulations  for  the  waste  contents  (e.g.,  decon  water)  will  be 
used. 

•  Site  operations  will  be  organized  to  minimize  the  amount  of  drum 
or  container  movement. 

•  DOT  salvage  drums  and  suitable  quantities  of  absorbent  will  be 
available  and  used  on  sites  where  hazardous  waste  spills  could 
occur. 


Electrically  powered  material  handling  equipment  used  to  transfer 
decon  solutions  will  meet  the  requirements  of  29  CFR  1910.307 
for  the  classification  of  materials  being  handled. 


Disposal  of  Materials  Generated  During  Field  Work: 


•  Matenal  generated  during  field  work  (decontamination  fluids, 
disposable  protective  gear  or  sampling  devices,  drilling  cuttings, 
well  development  fluids,  etc.)  will  be  considered  as  contaminated 
and  handled  accordingly  unless  adequate  monitoring  or  analytical 
data  exists  to  properly  classify  the  materials  as  non-hazardous. 

•  Material  generated  offsite  (well  drilling  fluids,  etc.)  will  be 
returned  to  the  site  unless  otherwise  specified  by  the  site  owner  or 
responsible  party. 

•  Ultimate  responsibility  for  disposal  of  the  material  rests  with  the 
site  owner  or  responsible  party.  CH2M  HILL  may  coordinate 
analysis,  packaging,  storage,  transport  and  disposal  of  waste 
material,  but  will  not  assume  responsibility  for  the  waste  (i.e.,  sign 
manifests  as  generator,  etc.).  Prior  to  beginning  field  work,  the 
waste  handling  procedures  will  be  agreed  to  with  the  client,  site 
owner,  and  /  or  responsible  party. 

•  Laboratory  samples  will  be  returned  to  the  site,  client,  site  owner, 
or  responsible  party  for  disposal  following  analysis  unless 
otherwise  specified. 


VI.  EMERGENCY  RESPONSE  PLAN 
A.  Pre-Emergency  Planning: 

The  SSC  is  to  perform  the  following  pre-emergency  planning  tasks  before 

starting  field  activities  and  will  coordinate  emergency  response  with  the 

operating  facility  when  appropriate: 

•  Locate  nearest  telephone  to  the  site  and  inspect  onsite  com¬ 
munications  (air  horns,  two-way  radios). 

•  Confirm  and  post  emergency  telephone  numbers  (Form  311)  and 
route  to  hospital. 

•  Post  site  map  marked  with  locations  of  emergency  equipment  and 
supplies. 

•  Review  emergency  response  plan  for  applicability  to  any  changed 
site  conditions,  alterations  in  onsite  operations,  or  personnel 
availability. 
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•  Drive  route  to  hospital. 

•  Evaluate  capabilities  of  local  response  teams. 

•  Where  appropriate  and  acceptable  to  the  client,  inform  emergen 
cy  room  /  ambulance  service  and  emergency  response  teams  of  ant¬ 
icipated  types  of  site  emergencies. 

•  Designate  one  vehicle  as  the  emergency  vehicle;  place  hospital 
directions  and  map  inside;  keep  keys  in  ignition  during  field 
activities. 

•  Inventory  and  check-out  site  emergency  equipment  and  supplies. 

•  Setup  emergency  personnel  decontamination  station(s). 

B.  Personnel  Roles  and  Lines  of  Authority: 

The  SSC  takes  the  lead  in  emergencies.  The  SSC  has  the  authority  to 
stop  any  site  activities  posing  an  immediate  health  and  safety  hazard  to 
site  personnel  and  must  notify  the  Project  Manager  or  designee  as  soon 
as  practical  of  this  action.  The  Project  Manager  is  ultimately  responsibl 
e  for  health  and  safety  of  the  CH2M  HILL  workers. 

C.  Training: 

At  least  two  personnel  currently  certified  in  both  first-aid  and  CPR  will 
be  present  during  field  activities  within  the  exclusion  zone.  The  site’s 
Emergency  Response  plan  will  be  reviewed  in  the  initial  site  safety 
briefing  and  will  include: 

•  Emergency  procedures  for  personnel  injury,  or  suspected  overexp 
osures,  fires,  explosions,  chemical,  and  vapor  releases. 

•  Location  of  onsite  emergency  equipment  and  supplies  of  clean 
water. 

•  Local  emergency  contacts,  hospital  routes,  evacuation  routes,  and 
assembly  points. 

•  Site  communication  and  location  of  nearest  phone  to  the  site. 

•  Names  of  onsite  personnel  trained  in  first  aid  and  CPR. 

•  Notification  procedures  for  contacting  CH2M  HILL’s  medical 
consultant  and  team  member’s  occupational  physician. 
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•  The  emergency  response  plan  will  be  rehearsed  at  least  one** 
before  site  activities  begin,  and  periodically  afterwards. 

•  New  workers  on  the  site  will  be  briefed  on  the  emergency 
response  plan  before  entering  the  exclusion  zone. 

D.  Communications: 


The  "buddy  system"  will  be  enforced  for  field  activities  involving  potential 
exposure  to  hazardous,  toxic  or  radioactive  materials,  and  during  any 
work  within  the  exclusion  zone.  Each  person  will  observe  his/her  partner 
for  symptoms  of  chemical  overexposures  or  heat  stress  and  provide 
emergency  assistance  when  warranted.  Personnel  working  in  the 
exclusion  zone  will  maintain  line  of  sight  contact  or  maintain 
communications  (e.g.,  two-way  radios)  with  the  site  support  facilities. 
Offsite  communications  will  consist  of  either  onsite  telephone  service  or 
using  the  nearest  telephone  to  the  site. 

E,  Emergency  Signals: 

The  following  emergency  signals  shall  be  used: 


Grasping  throat  with  hand 
Thumbs  up 
Grasping  buddy’s  wrist 
2  short  blasts  or  sounds,  repeated 
Continual  sounding  of  horn 


Emergency-help  me 
OK;  understood 
Leave  site  now 
All  clear 

Emergency-leave  site 


F.  PPE  and  Emergency  Equipment  and  Supplies: 


The  following  emergency  equipment  and  supplies  will  be  available  onsite 
with  the  locations  marked  on  the  site  map  and  posted  in  the  support 
zone: 


•  20-lb  ABC  fire  extinguisher(s) 

•  First-aid  kit 

•  Stretcher  or  blanket 

•  Supplies  of  clean  water 

•  Eye  wash 

•  Deluge  shower  (when  required  for  emergency  decon) 

•  PPE  (protective  clothing,  boots,  and  gloves) 

•  Air  monitoring  equipment 
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G. 


EmerRency  Recognition  and  Prevention: 


Prevention  of  emergencies  will  be  aided  by  the  effective  implementation 
of  the  health  and  safety  procedures  specified  in  this  SSP.  llie  initial  site 
safety  briefing  will  emphasize  recognition  of  the  types  of  emergencies 
anticipated  onsite.  Periodic  safety  briefings  will  be  conducted  by  the  SSC 
as  field  activities  proceed.  Hazards  that  warrant  specific  emergency 
recognition  and  prevention  techniques  will  be  discussed. 

H.  Site  Security  and  Control: 

(Note  to  preparer:  Identify,  locate,  and  describe  road  and  approaches  to 
site,  security  measures  such  as  fencing  and  guards,  flagging  or  othe 
means  of  marking  zones,  and  access  control  procedures,  such  as  sign-in 
logs,  access  control  points,  etc.) 

I.  Emergency  Medical  Treatment  and  First-Aid: 

•  Prevent  further  injury,  perform  appropriate  decontamination,  and 
notify  the  SSC  and  the  Project  Manager. 

•  Initiate  flrst  aid  and  get  medical  attention  for  the  injured 
immediately. 

•  Depending  upon  the  type  and  severity  of  the  injury,  call  the  medi¬ 
cal  consultant  and/or  occupational  physician. 

•  Notify  the  Health  and  Safety  Manager. 

•  Notify  the  injured  person’s  personnel  office. 

•  Notify  the  client  representative. 

•  Prepare  an  incident  report.  The  SSC  is  responsible  for  preparing 
and  submitting  the  report  to  the  Director  of  Health  and  Safety 
and  to  the  CH2M  HILL  corporate  personnel  office  within 
48  hours. 

•  The  SSC  will  assume  charge  during  a  medical  emergency. 
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Emergency  Routes  and  Telephone  Numbers  (Map  to  be  Posted 


Duty  Officer 

Police 

Fire 

Emergency  Assistance 
Ambulance 
Site  Contact 
Utilities 


Building  123 

32751  (on  base)  916/643-2751  (of  base) 
112  (on  base)  916/643-6168  (off  base) 
117  (on  base)  916/643-5622  (off  base) 
116  (on  base) 

116  (on  base) 

916/643.3675-Charles  Miles 

34875  (on  base)  916/643-4875  (off  base) 


McClellan  Clinic 


General  Hospital 


35420  (on  base)  916/646-8420 
Urgent  Care  Hours:  0730  to  1900 

American  River  Hospital 

4747  Engle  Road.  Carmichael,  CA  95608 

916/848-2100 


Directions  to  Hospital  Exist  McQellan  Air  Force  Base  through 

the  main  gate  to  Watt  Avenue.  Turn 
right  onto  Watt  Avenue  and  travel  south 
to  Whitney  Avenue.  Turn  left  onto 
Whitney  Avenue  and  travel  east  t 
Mission  Avenue.  Turn  left  onto  Mission 
Avenue  and  travel  north  to  Engle  Road. 
Turn  right  (east)onto  Engle  Road. 
Hospital  is  at  4747  Engle  Road.  (See 
attached  map.) 


CHEMTREC 
TOSCA  Hotline 
CDC 

National  Response  Center 
EPA  ERT  Emergency 
RCRA  Hotline 


800/424-9300 

202/554-1404 

404/452-4100 

800/424-8802 

201/321-6660 

800/424-9346 


K.  Emergency  Decontamination:  Personnel  will  be  decontaminated  to  the  extent 
feasible  (usually  a  "gross  decon”  or  deluge)  but  life  saving  and  first-aid 
procedures  take  priority  over  personnel  decontamination  efforts.  The 
personnel  decontamination  procedures  specified  in  Section  VJ  of  this  SSP  will 
appty  for  injuries  deemed  non-life  threatening  by  the  SSC. 

1-  Evacuation  Routes  and  Procedures:  Onsite  evacuation  routes  will  be  designat¬ 
ed.  Personnel  will  exit  the  site  exclusion  zone  /  contamination  reduction  zone 
and  assemble  at  the  onsite  assembly  point  in  the  support  zone.  The  SSC  wi  ) 
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account  for  personnel  at  the  onsite  assembfy  point  and  notify  local  emergency 
responders.  The  SSC  will  assess  the  need  for  site  evacuation  based  on  the 
degree  of  hazard  posed  to  site  personnel  remaining  in  the  support  zone. 
Offsite  evacuation  routes  and  assembly  points  will  also  be  designated.  A 
person  designated  by  the  SSC  will  account  for  personnel  at  the  offsite  assembly 
point.  The  SSC  and  an  assistant  will  remain  onsite  in  the  event  of  site  evacua¬ 
tion  (if  feasible)  to  assist  local  responders  and  advise  them  on  the  nature  and 
location  of  the  incident. 

Onsite  and  offsite  evacuation  routes  /  assembly  points  will  be  designated  on  the 
site  map  and  posted.  They  will  be  based  on  site  topography  and  layout; 
anticipated  safe  distances  for  places  of  refuge;  prevailing  weather  conditions; 
and  anticipated  location  magnitude  of  site  emergencies.  Wind  flags  will  be 
installed  in  the  exclusion  and  support  zones  to  assist  personnel  in  determining 
upwind  evacuation  routes. 

Evacuation  Routes  (Onsite  and  Offsite):  Evacuation  routes  will  be  dependent 
on  the  type  of  accident  and  wind  direction.  MAFB  has  first  and  second 
'  responders  to  handle  evacuations  (see  Section  II,  A). 

Assembly  Points  (Onsite  and  Offsite):  Assembly  points  vary  by  building  and 
areas.  Therefore,  it  will  be  the  responsibility  of  the  SSC  to  determine  the 
assembly  point  for  each  location  from  the  appropriate  base  representative. 

M.  Critique  of  Response  and  Follow-up;  The  SSC  will  evaluate  the  effectiveness 
of  the  emergency  response  and  recommend  procedures  for  improving 
emergency  response  to  the  SSP  approver.  Follow-up  activities  include  notifi¬ 
cation  of  the  injured  person’s  personnel  office  within  24  hours  of  the  injury. 
Incidents  of  suspected  overexposures  will  require  the  notification  of 
CH2M  hill’s  medical  consultant  and  the  injured’s  occupational  physician  so 
that  they  may  provide  assistance  and  relevant  information  to  the  local  hospital’s 
emergency  room  physician. 

VI.  EMERGENCY  CONTACTS 

•  CH2M  HILL  Medical  Consultant 


Name:  Dr.  Keimeth  Chase,  Washington  Occupational 

Health  Associates,  Inc. 

Phone:  202/463-6698  (8-5  EST) 

202/463-6440  (after  hours  answering  service;  physician  will  return 
call  within  30  minutes) 
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CH2M  HILL  Health  and  Safety  Manager 


Name:  David  Lincoln/SEA 

Phone:  206/453-5005 

•  District  Health  and  Safety  Officer  (HSO) 

Name:  Lyrm  Laszewski/SEA 

Phone:  206/453-5005 

•  Occupational  Physician 

Name:  Dr.  Allen  Krohn 

Phone:  916/246-7464 

Address:  Redding  Industrial  Occupational  health  Center 
1920  California  Street 
Redding,  California  96001 

•  Occupational  Physician 

Name:  Health  Check 

Ralph  K.  Davis  Medical  Center 
Phone:  415/565-6000 

Address:  Castro  and  Duboce  Street 

San  Francisco,  California  94114 

•  Occupational  Physician 

Name:  Drs.  Robinson,  Webb,  Strong,  Yates 

Phone:  205/262-0342;  205/262-0390 

Address:  1722  Pine  Street,  Suite  309 

Montgomery,  Alabama  36194-2701 

•  CH2M  HILL  Project  Manager 

Name:  Starr  Dehn/SAC 

Phone:  916/920-0300 

•  Gient  Contaa 


Name:  Larry  Button/Charlie  Thorpe 

Phone:  916/643-1250 
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•  CH2M  HILL  Regional  Manager 

Name:  Steve  DeCou 

Phone:  916/920-0300 

•  Personnel  Office 

Name:  Scott  Olsen 

Phone:  916/920-0300 

If  an  injury  occurs,  notify  the  injured  person's  personnel  office  as  soon  as  possible 
after  obtaining  medical  attention  for  the  injured.  Notification  MUST  be  made 
within  24  hours  of  the  injury. 

•  CH2M  HILL  Director  of  Health  and  Safety  for  Waste  Management  and 
Industrial  Processes 

Name:  David  Lincoln 

Phone:  206/453-5005 

Address: 

•  CH2M  HILL  Corporate  Personnel  Office 

Name:  Marie  Haezenbrouck/DEN 

Phone:  303/771-0900  (O) 

Address:  CH2M  HILL 

6060  South  Willow 
Englewood,  CO  80111 

VIII.  PLAN  APPROVAL 

This  site  safety  plan  has  been  written  for  the  use  of  CH2M  HILL’s  employees  and 
subcontractors.  CH2M  HILL  claims  no  responsibility  for  its  use  by  others.  The 
plan  is  written  for  the  specific  site  conditions,  purposes,  dates,  and  personnel 
specified  and  must  be  amended  if  these  conditions  change. 

PLAN  PREPARED  BY:  Robert  Evangelista _  Date:  4/24/90 

(name/office/home  phone) 

APPROVED  BY:  Jane  Stansfield _  Date:  4/27/90 _ 

(name/office/home  phone) 

APPROVED  BY:  _  Date:  _ 

(name/office/home  phone) 

(Note  to  Preparer:  SSPs  for  sites  where  the  potential  exists  for  exposure  to  ionizing 
radiation  require  the  approval  of  the  Radiation  Health  Officer.) 
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MODIFIED  BY: 


Karla  Ebert/SAC 


Date:  10/24/91 


MODIFICATIONS 

APPROVED  BY:  Jayne  Stansfield/DEN _  Date:  10/24/91 

Attachments: 

•  Site  Map 

•  Form  311,  Emergency  Phone  Numbers 

•  Form  533,  Record  of  Hazardous  Waste  Field  Activity 

•  MSDS  where  applicable 

•  Attachment  A~Descriptions  of  Planned  Activities 

•  Attachment  B—Heat  Stress/Cold  Stress  Hazards 

•  Attachment  C-Health  and  Safety  Site  Meeting 

•  Site  Safety  Plan  Addendum 

Distribution  of  approved  plan: 

Project  Manager  (responsible  for  distribution  to  team  members  and  client) 
Health  and  Safety  Manager 
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FORM  311 

EMERGENCY  TELEPHONE  NUMBERS 


Police 

Address: 

Phone: 

Department 

Contact: 

Fire 

Address: 

Phone: 

Department 

Contact: 

Paramedic 

Address: 

Phone: 

Contact: 

Fire 

Address: 

Phone: 

Report 

Contact: 

Ambulance 

Address: 

Phone: 

Service 

Contact: 

Water 

Address: 

Phone: 

Department 

Contact: 

Gas 

Address: 

Phone: 

Utility 

Contact: 

Electric 

Address: 

Phone: 

Utility 

Contact: 

Telephone 

Address: 

Phone: 

Utility 

Contact: 

Hospital 

Address: 

Phone: 

Contact: 

Owner 

Address: 

Phone: 

Contact: 

lliis  notice  is  located  at : 
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FORM  533 


WDCHS2/Alt2.51  Revised  ^  '  91 


Attachment  A 

DESCRIPTION  OF  PLANNED  ACTIVITIES 


This  Descnption  of  Planned  Activities  encompasses  a  broad  range  of  possible  tasks 
to  be  issued  as  task  orders  against  contract  No.  F04699-90-D-0035.  This  section 
defines  the  range  of  tasks  CH2M  HILL  shall  be  responsible  to  perform  as  per  Sec¬ 
tion  4.0  (Technical  Requirements)  of  the  above  contract. 

•Conduct  field  sampling  of  drums,  spill  sites,  tanks  (above  and  underground),  moni¬ 
toring  wells,  past  waste  disposal  sites,  etc.,  and  perform  sample  characterization 
studies  to  include  analysis  of  a  wide  variety  of  contaminants  in  complex  matrices, 
including  up  to  297  compounds  listed  as  hazardous  by  EPA. 

•Perform  laboratory  and  field  tests  of  environmental  monitoring  and  testing 
equipment,  to  include  validation  of  manual/instrumental  methods,  continuous  moni¬ 
tors,  analytical  support  and  Mathematical  models  using  EPA,  ASTM,  NR,  and/or 
equivalent  procedures  specified  by  the  Air  Force. 

•Perform  photogrammetric  analyses  of  environmental  and  infrared  photographs, 

•Perform  geophysical  studies  to  include,  but  not  be  limited  to,  studies  involving 
magnetometer,  metal  detection,  earth  resistivity,  terrain  conductivity,  seismic, 
gravity,  ground  penetrating  radar  and  shallow  (less  than  400  feet,  in  most  cases) 
borehole  logging. 

•Perform  hydrogeological  investigations  to  determine  the  magnitude  and  extent  of 
groundwater  contamination. 

•Determine  the  direction  and  rate  of  movement  of  contaminants  and  estimate  the 
degree  of  risk  associated  with  contaminant  migration. 

•Develop  methods  to  mitigate  the  adverse  environmental  effects  of  pollutant  migra¬ 
tion. 

•Develop  leachate  monitoring  and  analysis  programs  to  comply  with  state  or  EPA 
regulations  required  for  landfills  and  other  hazardous  waste  treatment  and  disposal 
sites  which  are  currently  operated  or  have  been  operated  in  the  past  by  the  U.S.  Air 
Force. 

•Perform  onsite  geological/hydrological  investigations  required  to  assist  the  Air 
Force  in  selecting  proper  locations  for  new  solid/hazardous  waste  treatment,  stor¬ 
age,  or  disposal  sites  or  other  facilities. 


SAC/n9ZA)45Jl 


A-1 


•Perform  sampling  of  soil  and  water  in  the  unsaturated  (vadose)  zone  above  the 
water  table  using  techniques  recommended  by  the  National  Water  Well  Association 
(NWWA). 

•Perform  aquifer  tests  to  determine  the  porosity,  permeability,  specific  yield, 
drawdown  and  extent  of  cones  of  depression  developed  in  aquifers  in  which  con¬ 
tamination  has  been  found  or  is  suspected. 

•Conduct  comprehensive  water  supply  and  water  distribution  studies. 

•Perform  evaluations  of  domestic  water,  industrial  wastewater,  domestic  wastewater, 
and  groundwater  treatment  plants. 

•Perform  water  and  wastewater  characterization,  to  include  ambient  short-term  and 
continues  water  monitoring. 

•Conduct  inflow/infiltration  studies  into  industrial,  reclamation  and  groundwater 
extract/treatment  systems  at  McQellan  AFB  and  its  Satellite  Locations. 

•Perform  treatability  studies,  pilot  plant  investigations,  and  toxicity  and  bioassay 
determinations. 

•Prepare  evaluations  and  analyses  providing  sufficient  detail  to  allow  development 
of  National  Pollutant  Discharge  Elimination  Systems  (NPDES)  permit  applications, 
certifications  and  discharge  monitoring  reports. 

•Conduct  instream  biological  monitoring  and  fish-kill  investigations. 

•Perform  laboratory  analyses  of  potable  water,  groundwater,  wastewater,  soil, 
sludges,  biologicals,  fuels  or  commercial  products  and  other  environmental  samples. 

•Perform  studies  to  ensure  personnel  safety,  including  the  use  of  explosimeters,  gas 
detectors,  and  survey  meters  and  other  equipment  necessary  to  monitor  air  quality 
during  site  operations. 

•Prepare  evaluations  and  analyses,  providing  sufficient  details  to  aid  development 
of  state  or  EPA-mandated  permit  applications,  certifications,  discharge  monitoring 
reports  and  groundwater  monitoring  reports. 

•Perform  necessary  analyses  and  reduction  of  any  physical/chemical  samples  or  data 
acquired  under  activities  outlined  herein. 

•Provide  analytical  results  in  both  hard  copy  and  other  formats  suitable  for  archiv¬ 
ing,  including  computer  format. 
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•When  required  and  specified  in  the  delivery  order,  prepare  sites  for  sampling/ 
monitoring  and  restore  sites  upon  completion  of  work. 

•Identify,  evaluate,  design  and  prototype  processes,  equipment,  and  facilities  which 
minimize  the  generation  of  hazardous  wastes  or  improve  environmental  quality. 

•Develop  permits  and  various  applications  as  required  by  the  guidance  documents. 

•Conduct  Community  Relations  Program  requirements  in  accordance  with  SARA. 

•Prepare  Site-Specific  Spill  Plans,  maintain  and  reviewed  annually  in  accordance 
with  Air  Force  policy,  guidance  and  directives. 

•Develop  Base  Spill  Prevention  and  Response  Plans. 

•Conduct  quarterly  review  of  regulatory  requirements  regarding  the  Resource  Con¬ 
servation  and  Recovery  Act  (RCRA),  the  Comprehensive  Environmental  Response, 
Compensation,  and  Liability  Act  (Cl^CLA),  and  the  Superfund  amendments  and 
on-going  RCRA  and  CERCLA/SARA  Programs  and  other  background  documents 
as  required. 

•Prepare  Statements  of  Work. 

•Perform  waste  minimization  assessments  and  recommend  process  modifications 
that  eliminate  or  reduce  the  use,  generation,  and  disposal  of  hazardous  materials 
within  production  process.  The  assessments  shall  include: 

-  Analyze  the  results  of  waste  audits  to  identify  the  most  promising  areas 
for  waste  minimization. 

-  Identify,  devise,  and  prototype  new  approaches  to  reduce  and  minimize 
hazardous  wastes  through  process  modification  of  emission/effluent  con¬ 
trol. 

-  Investigate  process  technology  and  develop  conceptual  system  designs  to 
prevent  and  reduce  industrial  pollution  and  hazardous  waste  generation. 

-  Determine  the  environmental  consequences  of  present  and  proposed 
environmental  regulations  of  any  recommended  process  or  equipment 
changes. 

-  Recommend  control  technology  for  toxics  and  pollutants  to  address  recov- 
ery/ret^cle  and  reduction,  optimization  treatment  (chemical  and  biologi¬ 
cal),  onsite  treatment,  and  substitution  with  less  toxic/hazardous  materials. 
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•  Prepare  detailed  drawing  packages,  plans,  and  designs  for  waste  minimi¬ 
zation  pilot  projects  relative  to  equipment  design  and  modifications 
including  charts,  graphs,  return  on  investments,  and  cost  estimates. 

-  Document,  evaluate,  and  integrate  the  results  of  pilot  projects  in  ongoing 
industrial  processes  operations  through  process  modifications  or  prototype 
development. 

•Conduct  and  administer  the  Hazardous  Waste  Training  Program  to  Base 
employees  including  requirements  under  29  CFR  1910.120. 

•Conduct  Underground  Storage  Tank  Annual  Precision  Leak  Testing. 

•Conduct  Environmental  Audit  Assessment  of  base  facilities  and  operation  in 
accordance  with  Air  Force  and  SM-ALC/EM  policy,  guidance,  and  directives. 

•Perform  Inspection  Services  and  Construction  Management  for  Environmental 
Investigations,  construction  Project  or  Remedial  Action  Implementation. 

•Develop  and  maintain  a  computer  data  base  for  tracking  hazardous  waste 
generator/management  data  and  all  delivery  order  project  information. 

•Maintain  an  inventory  of  McQellan  Air  permits.  Develop  tracking  system  to  mon¬ 
itor  environmental  compliance.  This  inventory  and  tracldng  system  will  be  main¬ 
tained  in  a  microcomputer  within  the  Directorate  of  Environmental  Management. 

•Provide  engineering  and  services  to  operate  and  maintain  interim  Remedial  Mea¬ 
sures  and  Remedial  Actions  implemented  by  McClellan  AFB  in  accordance  with 
CERCLA/SARA.  This  includes  the  McQellan  Groundwater  and  Treatment  Plant 
and  existing  and  future  groundwater  extractor  systems.  Operation  and  maintenance 
shall  be  conducted  in  accordance  with  existing  procedures. 

•Prepare  Environmental  Assessments  for  proposed  Air  Force  activities  in  water 
usage,  wastewater  discharge,  solid  waste  disposal,  hazardous  waste  cleanup,  and 
contaminated  groundwater  cleanup. 

•Document  performance  of  existing  and  future  McClellan  water,  wastewater,  solid 
waste,  and  groundwater  treatment  facilities  (including  groundwater  extraction  sys¬ 
tems)  to  include  performance  evaluations  of  individual  unit  processes  within  a  treat¬ 
ment  facility. 

•Prepare  comprehensive  studies  to  determine  potable  water  supply,  storage  and 
distribution  requirements  for  McClellan  AFB  and  its  Satellite  Lorations. 
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Attachment  B 

HEAT  STRESS/COLD  STRESS  HAZARDS 


Heat  Stress 

Wearing  PPE  puts  a  hazardous  waste  worker  at  considerable  risk  of  developing  heat 
stress.  This  can  result  in  health  effects  ranging  from  transient  heat  fatigue  to  serious 
illness  or  death.  Heat  stress  is  caused  by  a  number  of  interacting  factors,  including 
environmental  conditions,  clothing,  workload,  and  the  individual  characteristics  of  the 
worker.  Because  heat  stress  is  probably  one  of  the  most  common  (and  potentially 
serious)  illnesses  at  hazardous  waste  sites,  regular  monitoring  and  other  preventive 
precautions  are  vital. 

Monitoring  Heat  Stress.  Because  the  incidence  of  heat  stress  depends  on  a  variety  of 
factors,  all  workers,  even  those  not  wearing  protective  equipment,  should  be  monitored. 

Workers  wearing  semipermeable  or  impermeable  protective  clothing  should  be  moni¬ 
tored  when  the  temperature  in  the  work  area  is  above  70“F  (21“C). 

To  monitor  the  worker,  measure: 

•  Heart  Rate-Count  the  radial  pulse  during  a  30-second  period  as  early  as 
possible  in  the  rest  period. 

•  If  the  heart  rate  exceeds  110  beats  per  minute  at  the  beginning  of  the 
rest  period,  shorten  the  next  work  cycle  by  one-third  and  keep  the  rest 
period  the  same. 

-  If  the  heart  rate  still  exceeds  110  beats  per  minute  at  the  next  rest 
period,  shorten  the  following  work  cycle  one-third. 

•  Oral  temperature— Use  a  clinical  thermometer  (3  minutes  under  the 
tongue)  or  similar  device  to  measure  the  oral  temperature  at  the  end  of 
the  work  period  (before  drinking). 

-  If  oral  temperature  exceeds  99.6T  (3T’C),  shorten  the  next  work  cycle 
by  one-third  without  changing  the  rest  period. 

-  If  oral  temperature  still  exceeds  99.6T  (37.6“C)  at  the  beginning  of 
the  next  rest  period,  shorten  the  following  work  cycle  by  one-third. 

-  Do  not  permit  a  worker  to  wear  a  semipermeable  or  impermeable 
garment  when  his/her  oral  temperature  exceeds  100.6“F  (38.1“C). 
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•  Body  water  loss,  if  possible.  Measure  weight  on  a  scale  accurate  to 
±0.25  lb  at  the  beginning  and  end  of  each  work  day  to  see  if  enoug! 
fluids  are  being  taken  to  prevent  dehydration.  Weights  should  be  taken 
while  the  employee  wears  similar  clothing  or,  ideally,  is  nude.  The  body 
water  loss  should  not  exceed  1.S  percent  total  body  weight  loss  in  a  work 
day. 

Initially,  the  frequency  of  physiological  monitoring  depends  on  the  air  temperature 
adjusted  for  solar  radiation  and  the  level  of  physical  work  (see  Table  1).  The  length  of 
the  work  cycle  will  be  governed  by  the  frequency  of  the  required  physiological  monitor¬ 
ing. 


Table  1  1 

SUGGESTED  FREQUENCY  OF  PHYSIOLOGICAL  MONITORING  1 

FOR  FIT  AND  ACCUMATIZED  WORKERS*  I 

Normal  Work  Ensemble*^ 

Impermeable  Ensemble 

9(PF  (32.2*C)  or  above 

After  each  45  minutes  of  work 

After  each  IS  minutes  of  work 

87.5--90T  (30.8^-3Z2^ 

After  each  60  minutes  of  work 

After  each  30  minutes  of  work 

77.5"-82.5“F  (25J*.28.1“C) 

After  each  120  minutes  of  work 

After  each  90  minutes  of  work 

72.5*.77.5*F  (22J*-25 J*C) 

After  each  ISO  minutes  of  work 

After  each  120  minutes  of  work  1 

*For  work  levels  of  250  kUocalories/hour. 

‘’Calculate  the  adjusted  air  temperature  (u  adj)  by  using  this  equation;  la  adj  T  =  ta  ”F  + 

(13  X  %  sunshine).  Measure  air  temperature  (ta)  with  a  standard  mercury-in-glass  thermometer, 
with  the  bulb  shielded  from  radiant  heat  Estimate  percent  sunshine  by  judging  what  percent 
time  the  sun  is  not  covered  by  clouds  that  are  thick  enough  to  produce  a  shadow.  (100  percent 
sunshine  =  no  cloud  cover  and  a  sharp,  distinct  shadow,  0  percent  sunshine  =  no  shadows.) 

normal  working  ensemble  consists  of  cotton  coveralls  or  other  cotton  clothing  with  long  sleeves 
and  pants. 


Prevention  of  Heat  Stress.  Proper  training  and  preventive  measures  will  help  avert 
serious  illness  and  loss  of  work  productivity.  Preventing  heat  stress  is  particularly 
important  because  once  someone  suffers  from  heat  stroke  or  heat  exhaustion,  that  per¬ 
son  may  be  predisposed  to  additional  heat  injuries.  To  avoid  heat  stress,  management 
should  take  the  following  steps: 

•  Adjust  work  schedules: 

-  Modify  work/rest  schedules  according  to  mom'toring  requirements 

-  Mandate  work  slowdowns  as  needed 

-  Rotate  personnel:  alternate  job  functions  to  minimize  overstress  or 
overexertion  at  one  task 


SACyn92XM6Sl 


B-2 


-  Add  additional  personnel  to  work  teams. 
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-  Perform  work  during  coolers  hours  of  the  day  if  possible  or  at  night  if 
adequate  lighting  can  be  provided. 

Provide  shelter  (air-conditioned,  if  possible)  or  shaded  areas  to  protect 
personnel  during  rest  periods. 

Maintain  workers’  body  fluids  at  normal  levels.  This  is  necessary  to 
ensure  that  the  cardiovascular  system  functions  adequately.  Daily  fluid 
intake  must  approximately  equal  the  amount  of  water  lost  in  sweat,  i.e., 
8  fluid  ounces  (0.23  liters)  of  water  must  be  ingested  for  approximately 
every  8  ounces  (0.32  kg)  of  weight  lost.  The  normal  third  mechanism  is 
not  sensitive  enough  to  ensure  that  enough  water  will  be  drunk  to  replace 
lost  sweat.  When  heavy  sweating  occurs,  encourage  the  worker  to  drink 
more.  The  following  strategies  may  be  useful: 

-  Maintain  water  temperature  at  50“  to  60“F  (10“  to  15.6“C). 

-  Provide  small  disposable  cups  that  hold  about  4  ounces  (0.1  liter). 

-  Have  workers  drink  16  ounces  (0.5  liters)  of  fluid  (preferably  water  or 
dilute  drinks)  before  beginning  work. 

-  Urge  workers  to  drink  a  cup  or  two  every  15  to  20  minutes,  or  at  each 
monitoring  break.  A  total  of  1  to  1.6  gallons  (4  to  6  liters)  of  fluid  per 
day  are  recommended,  but  more  may  be  necessary  to  maintain  body 
weight. 

-  Weigh  workers  before  and  after  work  to  determine  if  fluid  replace¬ 
ment  is  adequate. 

Encourage  workers  to  maintain  an  optimal  level  of  physical  fitness: 

-  Where  indicated,  acclimatize  workers  to  site  work  conditions:  tem¬ 
peratures,  protective  clothing,  and  workload. 

-  Urge  workers  to  maintain  normal  weight  levels. 

Provide  cooling  devices  to  aid  natural  botty  heat  exchange  during  pro¬ 
longed  work  or  severe  heat  exposure.  Cooling  devices  include: 

-  Field  showers  or  hose-down  areas  to  reduce  body  temperature  and/or 
to  cool  off  protective  clothing. 

-  Cooling  jackets,  vests,  or  suits. 
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Train  workers  to  recognize  and  treat  heat  stress.  As  part  of  traininp 
identify  the  signs  and  symptoms  of  heat  stress  (see  Table  2). 


Table  2  1 

SIGNS  AND  SYMPTOMS  OF  HEAT  STRESS  | 

• 

Heat  rash  may  result  from  continuous  exposure  to  heat  or  humid  air  | 

• 

Heat  cramps  are  caused  by  heavy  sweating  with  inadequate  electrolyte  replace-  I 

menL  Signs  and  symptoms  include:  | 

-  Muscle  spasms 

-  Pain  in  the  hands,  feet,  and  abdomen 

• 

Heat  exhaustion  occurs  from  increased  suess  on  various  body  organs  including 
inadequate  blood  circulation  due  to  cardiovascular  insufficiency  or  dehydration. 

Signs  and  symptoms  include: 

-  Pale,  cool,  moist  skin 

-  Heavy  sweating  | 

-  Dizziness  | 

Nausea  I 

Fainting  | 

• 

Heat  stroke  is  the  most  serious  form  of  heat  stress.  Temperature  regulation  fails  | 
and  the  body  temperature  rises  to  critical  levels.  Immediate  action  must  be  taken  ^ 
to  cool  the  body  before  serious  injuiy  and  death  occur.  Gjmpetent  medical  help 
must  be  obuined.  Signs  and  symptoms  are: 

•  Red,  hot,  usually  dty  skin 

-  Lack  of  or  reduced  perspiration 

-  Nausea 

-  Dizziness  and  confusion 

-  Strong,  rapid  pulse  | 

•  Coma  1 

Cold  Stress 

Although  northern  California  is  not  prone  to  bitter-cold  temperatures,  cold  stress  may 
still  be  a  potential  problem.  Cold  stress  is  possible  when  work  performed  over  water  is 
at  temperatures  of  50“F  or  less.  The  ultimate  effects  of  cold  stress  is  hypothermia, 
which  is  a  decrease  in  the  deep  core  body  temperature.  At  temperatures  of  35T, 
workers  in  water,  or  whose  clothing  becomes  wet,  should  be  provided  with  an  immedi¬ 
ate  change  of  clothing.  They  may  need  to  be  treated  for  hypothermia.  Workers  who 
wear  impermeable  protective  clothing  are  susceptible  to  chilling  because  their  cotton 
underclothing  may  become  wet  with  perspiration. 
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Windchill  index.  The  windchill  factor  is  the  cooling  effect  of  any  combination  of 
temperature  and  wind  velocity  of  air  movement.  The  windchill  index  is  shown  in 
Table  3.  The  windchill  index  does  not  take  into  account  that  part  of  the  body  which  is 
exposed  to  cold,  the  level  of  activity  and  its  effect  on  body  heat  production,  and  the 
amount  of  clothing  being  worn. 


Table  3 

WINDCHILL  INDEX 

ACTUAL  THERMOMETER  READING  (F) 

1  Wind  speed 

1  in  mph 

50 

40 

30 

10 

0 

-10 

-20 

-30 

-40 

I  equivalent  temperature  (F)  I 

calm 

50 

40 

30 

20 

10 

0 

-10 

-20 

-30 

-40 

5 

48 

37 

27 

16 

6 

-5 

-15 

-26 

-36 

-47 

10 

40 

28 

16 

m 

-9 

-21 

-33 

-46 

-58 

-70 

15 

36 

22 

9 

-5 

-18 

-36 

-45 

-58 

-72 

-85 

20 

32 

18 

■1 

-10 

-25 

-39 

-53 

-67 

-82 

-96 

25 

30 

16 

■1 

-15 

-29 

-44 

-59 

-74 

-88 

-104 

30 

28 

13 

-18 

-33 

-48 

-63 

-79 

-94 

-109 

35 

27 

11 

■1 

-20 

-35 

-49 

-67 

-82 

-98 

-113 

40 

26 

10 

m 

-21 

-37 

-53 

-69 

-85 

-100 

-116 

Over  40  mph 
(little  added 
eflea) 

LITTLE  DANGER  (for 
properly  clothed  person) 

INCREASING 
DANGER  (danger 
horn  freezing  of 
exposed  flesh) 

GREAT  DANGER 
(Danger  from  freezing 
of  exposed  flesh) 

Note: 

The  human  body  senses  *oold*  as  a  result  of  both  the  air  temperature  and  the  wind 
velocity.  Cooling  of  exposed  flesh  increases  rapidly  as  the  wind  velocity  goes  up.  Frost¬ 
bite  can  occur  at  relatively  mind  temperatures  if  wind  penetrates  the  body  insulation. 

For  example,  when  the  aaual  air  temperature  of  the  wind  is  40*F  (4.4''C)  and  its  velocity 
is  30  mph  (48  km/h),  the  exposed  skin  would  perceive  this  situation  as  an  equivalent  still 
air  temperature  of  13*F  (-11*C). 
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Attachment  C 

HEALTH  AND  SAFETY  SITE  MEETING 


We  the  undersigned  have  read  this  Site  Safety  Plan  and  fully  understand  its  contents 
and  will  adhere  to  procedures  set  forth  in  this  document. 

Name  Affiliation  Title  Date 
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Metals:  Heavy  metals  typically  have  a  high  affinity  for  soil  particles,  creating 
potential  for  both  inhalation  and  dermal  contact  from  dust  created  during  drilling 
operations.  Metals  are  absorbed  in  the  bloodstream  and  produce  fever,  dizziness, 
mental  confusion,  and  nausea.  The  OSHA  PELs  for  several  heavy  metals  are; 
arsenic  0.5  mg/m^  cadmium  0.2  mg/m^  lead  50  micrograms  per  cubic  meter 
(ug/m^),  antimony  0.5  mg/m^  and  barium  0.5  mg/m^. 

Solvents  and  Paints:  Organic  chemicals  in  general  act  as  anesthetics  and  irritants 
to  the  eyes,  respiratory  system,  and  skin.  Eye  contact  may  cause  irritation,  derma¬ 
titis,  cell  damage,  and  necrosis.  Chronic  toxicities  include  kidney,  liver,  heart,  and 
lung  damage.  The  OSHA  PELs  for  common  solvents  and  paint  constituents  are: 
toluene  100  ppm,  xylene  100  ppm,  acetone  750  ppm,  and  benzene  1  ppm. 


During  Phase  I  of  this  project,  the  Explosimeter,  the  Rad-mini  and  the  HNU  were 
used  for  monitoring  purposes.  The  only  "hits"  were  observed  on  the  HNU  when 
monitoring  inside  the  well. 


Site  Personnel: 

Team  Member 


Chuck  Elliott 
Rob  Pexton 
Chuck  Ouellette 
Suzanne  Davis 
Karla  Ebert 


Responsibility 

SSC  Level  C 
Field  Scientist 
Field  Engineer 
Field  Engineer 
Field  Scientist 


Level  of  Protection: 


A _  B _  C  X  D  X 

Poly  coated  Tyvek  coveralls  with  nitrile  outer  gloves  and  latex  inner  gloves  will  be 
worn  when  splash  protection  is  needed.  Nitrile  outer  gloves  and  latex  inner  gloves 
will  be  worn  during  sampling  and  when  handling  samples.  Safety  glasses,  hard  hat, 
and  neoprene  steel  toe/shank  boots  will  be  worn  while  onsite.  A  TLD  or  equiva¬ 
lent  badge  must  be  worn  by  all  team  members. 
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Cement  Bond  Logs 
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State  Veil  No. 
Other  Veil  Nt 


(1)  OWNER; 
Name 


Address  < 


(11)  WELL  LOG: 


Teiel  d«»U> _ _ _ Ii.  Descli  el  c— >»ltte4  «tH 
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SKETCH  LOCATION  OF  WELL  ON  REVERSE  SIDE  CONFIDENTIAL  LOG 

_ ..  WAter  Code  Sec.  13752 
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Response  to  Comments 


RESPONSE  TO  COMMENTS 


SUBJECT:  Draft  Well  Qosure  Methods  Report 
Water  Well  Abandonment  Phase  II 
McOellan  AFB 

REVIEWER:  Alexander  MacDonald,  Regional  Water  Quality  Control  Board 
DATE:  June  30,  1992 


Comment:  Base  Well  BW>17  was  drilled  using  the  cable  tool  method.  Thus,  there  is 
no  gravel  pack  associated  with  the  well.  There  are  no  special  procedures  provided  in 
the  report  for  dealing  with  this  type  of  well.  The  current  proposed  procedures  only 
deal  with  wells  with  an  annulus  and  call  for  perforating  the  casing,  along  with  pressure 
grouting.  Staff  does  not  recommend  this  procedure  on  a  well  without  a  gravel  packed 
annulus.  The  well  should  be  pressure  grouted  to  the  surface  with  no  perforation  of  the 
casing. 

Response:  The  main  difference  between  a  well  drilled  by  the  cable  tool  method  and 
one  drilled  by  the  rotary  method  from  a  well  abandonment  perspective  is  that  there  is 
no  gravel  pack  associated  with  the  cable  tool  well.  Base  Well  (BW*)  28  is  also  con* 
structed  by  the  cable  tool  method.  Since  there  is  no  gravel  pack,  the  calculation  for 
cement  volume  must  be  adjusted.  It  is  recommended  that  cement  volumes  be  calculat* 
ed  based  on  the  inside  volume  of  the  casing,  plus  an  additional  10  percent  to  fill  the 
micro-annulus  outside  the  casing.  This  additional  10  percent  is  felt  to  be  conservative 
since  subsurface  clays  may  be  expected  to  have  swelled  up  tightly  against  the  well 
casing.  The  Well  Qosure  Methods  and  Procedures  Report  (the  Procedures)  will  be 
modified  to  reflect  this  approach.  Otherwise  the  decommissioning  approach  should  be 
the  same  as  other  wells,  with  grout  applied  under  pressure  in  a  series  of  lifts.  This 
approach  is  felt  to  be  necessary  because  of  the  heterogeneity  of  the  subsurface  geology 
in  the  vicinity  of  McOellan  AFB.  In  this  way,  all  zones  outside  the  casing  will  be 
sealed  for  maximum  protection  against  the  possibility  of  contaminants  migrating  along 
the  casing. 


SAtyniMnzsM 


RESPONSE  TO  COMMENTS 


SUBJECT;  Draft  Well  Qosure  Methods  Report 
Water  Well  Abandonment  Phase  II 
McQellan  AFB 

REVIEWER:  Richard  McJunkin  and  Will  Rowe,  Department  of  Toxic  Substance 
Control,  Technical  and  Support  Services  Branch 

DATE:  June  30,  1992 


Comment:  General 
1)  Procedures 

The  decommissioning  methods  outlined  in  the  Procedures  lack  sufficient  detail. 

Recommendations 

Each  well  addressed  in  the  Procedures  should  have  a  detailed  decommissioning 

plan  tailored  to  local  or  well-specific  lithology,  yield,  and  construction  features. 

Response:  It  is  not  possible  in  this  report  to  provide  more  details  on  the  decommis¬ 
sioning  approach  with  regard  to  well  construction  details  because  of  the  contradictoiy 
and  often  conflicting  information  that  exists  for  the  wells.  Preliminary  work  on  the 
wells  will  involve  pulling  pumps,  cleaning  the  casing,  jackhammering  the  pad  to  expose 
the  gravel  pack,  and  dow^ole  television  surveying.  Following  this  work,  it  will  be  pos¬ 
sible  to  describe  in  greater  detail  the  decommissioning  approach  at  individual  wells 
(such  as  intervals  that  will  be  perforated,  cement  volume  calculations,  etc.)  that  are 
based  on  well  construction  details.  This  description  will  be  written  in  a  Technical 
Memorandum  that  will  be  prepared  following  the  preliminary  work.  Regulatoiy 
agencies  will  have  an  opportunity  to  review  this  Technical  Memorandum. 

It  is  also  not  possible  to  account  for  well-specific  lithology  or  yield  in  advance  because 
of  the  complexity  of  the  subsurface  hydrogeology.  The  approach  described  in  this 
report  attempts  to  deal  with  these  factors  by  field  testing  the  approximate  permeability 
of  a  given  interval  prior  to  cementing;  varying  the  height  of  individual  cemented  inter¬ 
vals;  and  varying  the  composition  of  the  cement  and  additives.  These  adjustments  will 
be  documented  in  the  field  notes  and  described  in  the  Informational  Field  Report  that 
will  be  prepared  following  the  field  work. 
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Comment:  General 


2)  Sample  Wells  Before  Decommissioning 
Recommendation: 

Before  decommissioning,  water  levels  should  be  measured  and  samples  collected 
and  analyzed.  The  water  surface  should  be  tested  for  floating  product  and,  if 
present,  a  sample  should  be  taken  and  analyzed. 

Response:  Water  levels  will  be  measured  during  the  decommissioning  of  the  wells. 
Floating  products  will  be  removed  during  preliminary  work  following  removal  of  pumps 
from  the  wells.  This  product  is  expected  to  consist  primarily  of  petroleum-based  pump 
lubricating  oil,  and  will  be  stored  in  SS-gallon  drums.  It  be  tested  as  part  of  dis¬ 
posal,  according  to  normal  State  of  California  procedures.  Water  in  the  wells  will  not 
be  tested,  because:  (1)  water  will  not  be  generated  at  the  surface  during  normal  aban¬ 
donment  procedures,  and  therefore  will  not  have  to  be  disposed;  (2)  appropriate  sam¬ 
pling  procedures  would  require  that  a  large  volume  of  water  be  pumped,  and  this  water 
would  require  expensive  disposal  procedures;  and  (3)  groundwater  characterization 
samples  to  support  the  ongoing  remedial  investigation  at  McQellan  AFB  are  best  col¬ 
lected  from  monitoring  wells,  rather  than  these  production  wells  with  their  lengthy 
perforated  intervals. 


Comment:  General 

3)  Decommission  Uncomplicated  Wells  First 
Recommendation: 

Before  decommissioning  complex  wells,  such  as  Base  Well  7,  decommission 
wells  ahich  are  less  likely  to  present  technical  problems.  The  experience  gained 
fhim  these  wells  will  help  with  potentially  troublesome  wells  like  Base  Well  7. 

Response:  The  Procedures  will  be  modified  to  reflect  this  approach.  It  is  also  hoped 
that  experience  gained  during  Phase  I  will  prove  valuable  during  the  present  work. 


Comment:  Well  Decommissioning 

These  issues  should  be  addressed  in  a  work  plan  on  a  well-by-well  basis.  The 
following  considerations  should  be  applied  to  each  well: 
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1)  Identification  of  Low  Peirneability  Zones 


The  Procedures  do  not  discuss  the  locations  of  low  permeability  zones  in  the 
lithology  of  each  well.  Low  permeability  zones  should  be  sealed  to  reestablish 
preexisting  aquitards. 

Recommendation: 

Identification  and  sealing  of  low  permeability  zones  in  each  well  should  be 
addressed  in  the  Procedures.  Well  logs  and  geophysical  logs  should  be 
presented  with  the  description  of  decommissioning  of  each  well.  This  informa* 
tion  will  dictate  the  location  of  perforating  intervals. 

Response:  The  Drillers  Logs  are  often  contradictory  for  base  wells  at  McClellan  AFB 
or  are  so  inaccurate  that  they  are  almost  unusable.  Geologic  and  geophysical  logs 
prepared  in  nearby  monitoring  wells  are  not  usable  because  of  the  heterogeneity  of  the 
geology.  This  uncertainty  is  dealt  with  by  pressure-grouting  the  entire  well  in  a  series 
of  short  Ufts,  and  by  varying  the  length  of  the  lifts  and  the  cement  composition  in 
response  to  observed  conditions  at  a  given  well. 


Comment:  Well  Decommissioning 
2)  Perforating  the  Casing 

The  Procedures  do  not  discuss  how  casings  will  be  perforated  to  assure  sealing 
of  the  low  permeability  intervals  and  the  filter  pack. 

Recommendation: 

The  Procedures  should  be  amended  to  specify  the  methods  for  perforating  blank 
casing  in  each  well  including  perforation  size,  density,  and  depths,  and  interval 
lengths. 

Response: 

The  Technical  Memorandum  will  specify  intervals  of  perforation  in  each  well  following 
the  downhole  television  surveys  that  will  indicate  where  the  existing  intervals  of  perfora¬ 
tion  lie.  The  entire  casing  will  be  perforated,  with  perforation  of  a  given  interval 
occurring  immediately  prior  to  cementing  that  interval.  The  Procedures  specify  that 
perforation  will  be  with  a  mills  knife  perforator.  Language  will  be  added  to  show  that 
perorations  will  be  four  per  row,  with  one  row  per  foot.  Each  perforation  will  be  about 
one-third  inch  in  thickness,  and  about  3  inches  in  length.  The  Technical  Memorandum 
may  also  recommend  that  certain  wells  be  perforated  by  explosive  shot  perforation, 
based  on  the  conclusions  drawn  during  the  preliminary  work. 
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Comment:  Well  Decommissioning 
3)  Grout  Lifts 

The  Procedures  insufficiently  discuss  how  many  lifts  will  be  used.  Insufficient 
criteria  or  rationale  are  provided  for  determining  how  many  lifts  will  be  used  in 
well  decommissioning.  The  section  titled  "Abandonment  With  a  Packer"  does 
not  define  how  existing  perforations,  expected  lithology,  and  the  outcome  of  the 
previous  lift  will  determine  packer  placement 

Recommendation: 

The  Procedures  should  include  rationale  and  criteria  for  determining  the 
number  and  placement  of  grout  lifts  in  each  well. 

Response:  The  Procedures  will  be  modified  to  provide  more  detail  on  this  subject.  It 
is  expected  that  decommissioning  at  a  given  well  will  begin  with  a  short  lift  of  about 
15  feet  and  that  the  lift  size  will  increase  if  all  goes  well  to  a  maximum  of  no  more  than 
50  feet.  As  described  in  the  comment  above,  the  size  of  a  lift  will  be  influenced  by  the 
existing  perforations,  expected  lithology,  and  outcome  of  the  previous  lift.  More  ratio¬ 
nale  and  criteria  will  be  included. 


Comment:  Well  Decommissioning 
4)  Hydrofiracting 

The  Procedures  do  not  discuss  how  hydrofracting  will  be  avoided  during  grout¬ 
ing.  There  is  some  discussion  on  page  48  of  "rule  of  thumb"  estimates  of  grout 
pressure;  however,  the  Procedures  do  not  describe  how  pressure  will  be 
monitored  and  controlled. 

Recommendation: 

The  Procedures  should  be  amended  to  include  methods  for  determining 
appropriate  pressure  and  pressure-control. 

Response:  Hydrofracting  was  discussed  in  the  Procedures  on  page  47  under  measures 
taken  to  avoid  exceeding  the  fracture  pressure  of  the  formation.  Pressure  at  the  sur¬ 
face  (downstream  from  the  pump)  will  be  monitored  with  a  gauge.  During  Phase  I, 
this  pressure  never  exceeded  50  psi.  Since  this  pressure  is  propagated  evenly  through¬ 
out  the  fluid,  the  pressure  downhole  should  be  equal  to  the  pressure  at  the  pump  plus 
the  pressure  exerted  by  the  column  of  fluid  (0.458  psi/ft  for  water  above  the  water 
table).  The  Halliburton  "rule  of  thumb"  says  that  hydrofracting  will  not  occur  if  pres¬ 
sure  does  not  exceed  about  1  psi/ft  beneath  the  ground  surface.  This  pressure  should 
not  be  exceeded  at  McOellan  AFB,  as  long  as  gauge  pressures  at  the  surface  do  not 


SAC/T216A)22.S1S 


exceed  about  100  psi.  The  Procedures  will  be  expanded  to  provide  more  discussion  on 
these  points. 


Comment:  Well  Specific 
1)  Base  WeU  7 

According  to  the  Procedures,  no  information  exists  about  the  type  of  cement 
used,  nor  grout  takes,  during  the  original  decommissioning  of  this  well  in  the 
1960s.  Without  this  information,  there  is  no  way  to  gauge  how  effectively  the 
filter  pack  was  invaded  by  the  original  decommissioning. 

Recommendation: 

To  assure  and  document  that  this  well  is  properly  decommissioned,  it  should  be 
decommissioned  after  experience  is  gained  by  decommissioning  a  similar  well  in 
a  non-contaminated  area.  Well  LW>1  at  Camp  Kohler  provides  an  opportunity 
to  drill-out  a  grouted  well  and  decommission  Ity  perforated  casing  and  re- 
ii^ecting.  This  experience  will  help  in  tackling  the  likely  enormous  technical 
problems  presented  by  Base  Well  7. 

Response:  The  Technical  Memorandum  will  propose  an  approach  to  decommissioning 
these  wells  after  the  television  survey  has  been  done.  As  suggested,  BW-7  will  be 
decommissioned  after  the  Camp  Kohler  Laundry  wells  have  been  decommissioned. 


Comment:  Well  Specific 
2)  Base  Well  8 

The  Procedures  explain  that  the  upper  zone  of  the  well  will  be  grouted,  then 
rebored  to  allow  continued  use  of  the  lower,  uncontaminated  interval.  This 
approach  may  not  completely  seal  the  upper  interval,  especially  \ii4ien  the 
emplaced  grout  is  being  drilled-out.  During  drilling,  there  is  potential  for  the 
seal  to  be  fknctured,  thereby  introducing  unseen  contaminant  pathways.  This 
approach  leaves  too  many  potential  problems  unaddressed. 

Recommendation: 

The  entire  well  should  be  completely  decommissioned.  Replacing  it  with  a  new 
well  in  a  non-contaminated  area  assures  the  integrity  of  the  seal  which  isolates 
file  contaminated  upper  interval. 

Response:  McQellan  AFB  has  dedded  to  delay  decommissioning  BW-8  for  about  6  to 
12  months  until  water  hook-ups  with  City  of  Sacramento  have  been  accomplished. 
Until  that  time,  BW-8  will  remain  inactive  as  a  fire  emergency  well.  After  the  water 
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hdok-up,  BW-8  will  be  completely  decommissioned  as  recommended.  The  Technical 
Memorandum  will  provide  details  on  the  approach  to  decommissioning. 
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RESPONSE  TO  COMMENTS 


SUBJECT:  Draft  Well  Qosure  Methods  Report 
Water  Well  Abandonment  Phase  II 
McClellan  AFB 

REVIEWER:  David  Wang,  Department  of  Toxic  Substance  Control 
DATE:  June  30,  1992 


Comment:  The  workplan  provides  only  general  guidelines  that  may  be  followed  for 
decommissioning  base  wells.  A  m^Jor  element  missing  flrom  the  draft  Well  Oosure 
Woriq>lan  is  a  description  of  the  well  perforation  process.  The  Department  believes  the 
perforation  technique  applied  to  Base  Well*l  (Well  Closure  •  Phase  I)  may  have  caused 
the  decommissioning  problems  encountered  at  Base  Well-1.  The  Department 
recommends  adding  specific  and  detailed  descriptions  on  the  decommissioning  proce¬ 
dures  for  each  well. 

Response:  More  detailed  procedures  will  be  provided  in  the  Technical  Memorandum 
that  will  be  produced  after  the  pumps  are  removed  and  the  wells  are  television  sur¬ 
veyed.  Perforation  procedures  will  depend  on  existing  perforation  intervals  and  an 
evaluation  of  the  condition  of  the  well  casing  based  on  the  television  survey.  Perfora¬ 
tions  will  be  made  only  inunediately  prior  to  cementing  a  given  lift  of  a  well,  and  will 
typically  be  cut  with  a  mills  knife  at  four  perforations  per  row  and  one  row  per  foot  of 
casing. 


Comment:  The  Department  does  not  support  trying  to  keep  Base  Well-8  in  operation 
for  fire  fighting.  Nearby  monitoring  wells  have  found  contaminated  groundwater  at 
175-200  feet  below  ground  surface.  Partial  decommissioning  of  the  base  well  may  not 
ad^uately  prevent  cross  contamination  of  aquifers,  and  will  impact  the  effectiveness  of 
the  lower  section.  The  Department  recommends  using  other  base  wells  located  fiirther 
north  for  fire  fighting  reserves. 

Response:  McQellan  AFB  has  decided  to  delay  decommissioning  BW-8  for  about  6  to 
12  months  until  water  hook-ups  with  City  of  Sacramento  have  been  accomplished. 
Until  that  time,  BW-8  will  remain  inactive  as  a  fire  emergency  well.  After  the  water 
hook-up,  BW-8  will  be  completely  deconunissioned  as  recommended.  The  Technical 
Memorandum  will  provide  details  on  the  approach  to  decommissioning. 
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RESPONSE  TO  COMMENTS 


SUBJECT:  Draft  Well  Closure  Methods  Report 
Water  Well  Abandonment  Phase  II 
McQellan  AFB 

REVIEWER:  Mark  Malinowski,  Department  of  Toxic  Waste  Substances 
DATE:  June  30,  1992 


Comment:  General 

The  draft  woriq>lan  should  describe  the  well  decommissioning  process  to  be  followed 
for  each  well.  Previous  perforation  techniques  applied  to  Base  Well*l  (Well  Closure  - 
Phase  I)  may  have  caused  the  decommissioning  problems  encountered  at  Base  WelM. 
The  perforation  process,  perforation  intervals  and  number  of  lifts  to  be  used  should  be 
described  fm  each  individual  well. 

If  specific  decommissioning  information  is  not  available  or  cannot  be  determined  until 
after  the  well  cleaning  and  video  survey,  the  Department  recommends  a  Technical 
Memo,  describing  the  proposed  decommissioning  procedures  for  each  well,  be  prepared 
and  submitted  to  the  agencies  for  review  and  comments. 

The  emphasis  of  well  decommissioning  should  be  placed  on  perforating  and  sealing  the 
aquitard  zones.  Very  little  geologic  information  has  been  provided  to  ensure  that  the 
zones  of  interest  are  adequately  determined  prior  to  initiating  decommissioning 
procedures.  The  Department  recommends  that  nearby  pilot  boring  and  monitor  well 
logs  (lithologic  and  geophysical)  be  include  during  the  discussion  on  zones  considered 
for  perforation. 

The  Department  questions  the  necessity  of  running  video  surv^s  prior  to  cleaning  the 
wells  since  the  wells  should  be  cleaned  regardless  of  the  video  results.  The  video 
survey  after  the  cleaning  would  serve  to  determine  which  well  construction  diagram  is 
accurate. 

Permits  and  regulatoiy  requirements  (State  and  local)  should  be  included  or  refer* 
enced  finm  Phase  I  workplan. 

The  Base  Wells  should  be  tested  for  water  level,  presence  of  fioating  product  and 
sampled  for  contaminants  prior  to  abandonment 

Decommissioning  of  BW-7  should  be  attempted  after  drilling*out  the  Camp  Kohler 
well  LW*1.  The  experience  gained  firom  the  LW-1  well  should  help  in  the  BW>7  effort 
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Hie  Department  does  not  support  tiying  to  keep  Base  Well  8  in  operation  for  fire 
fighting.  Nearby  monitoring  wells  have  found  contaminated  groundwater  at  175-200 
feet  below  ground  surface.  Deeper  aquifer  zones  have  not  been  tested;  however,  con 
tamination  is  expected.  The  Department  recommends  using  base  wells  located  ftirther 
north,  if  possible,  for  fire  fighting  reserves. 

The  Department  requires  that  McAFB  provide  information  on  future  efforts  for  Base 
Wells  4,  5,  9, 11, 14, 14,  22,  23,  24,  Old  BW.29  and  the  "Boy  Scout  Well". 

Well  construction  diagrams  should  be  included  for  each  well  and  where  possible 
lithologic  logs  fhim  nearby  pilot  holes  or  monitor  wells  should  be  included  for  com¬ 
parison  to  driller  logs. 

Response:  It  is  not  possible  in  this  report  to  provide  more  details  on  the  decommis¬ 
sioning  approach  with  regard  to  well  construction  details  because  of  the  contradictory 
and  often  conflicting  information  that  exists  for  the  wells.  Preliminary  work  on  the 
wells  will  involve  pulling  pumps,  cleaning  the  casing,  jackhammering  the  pad  to  expose 
the  gravel  pack,  and  downhole  television  surveying.  Following  this  work,  it  will  be  pos¬ 
sible  to  describe  in  greater  detail  the  decommissioning  approach  at  individual  wells 
(such  as  intervals  that  will  be  perforated,  cement  volume  calculations,  etc.)  that  are 
based  on  well  construction  details.  This  description  will  be  written  in  a  Technical 
Memorandum  that  will  be  prepared  following  the  preliminary  work.  Regulatory  agen¬ 
cies  will  have  an  opportunity  to  review  this  Technical  Memorandum. 

It  is  also  not  possible  to  account  for  well-specific  lithology  or  yield  in  advance  because 
of  the  complexity  of  the  subsurface  hydrogeology.  The  approach  described  in  this 
report  attempts  to  deal  with  these  factors  by  field  testing  the  approximate  permeability 
of  a  given  interval  prior  to  cementing;  varying  the  height  of  individual  cemented  inter¬ 
vals;  and  varying  the  composition  of  the  cement  and  additives.  These  adjustments  will 
be  documented  in  the  field  notes  and  described  in  the  Informational  Field  Report  that 
wall  be  prepared  following  the  field  work.  Because  of  the  continual  variation  character¬ 
istic  of  alluvial  materials,  it  is  best  to  pressure-grout  the  well  casing  throughout  the 
entire  saturated  interval,  rather  than  attempting  to  isolate  aquitards  and  only  sealing 
them. 

It  is  recormnended  that  television  surveys  be  run  both  before  and  after  cleaning  the 
casing.  For  one  thing,  television  surveys  are  relatively  inexpensive  to  nm.  In  addition, 
the  first  video  may  indicate  that  the  casing  is  in  poor  enough  condition  that 
conventional  wire  brush  cleaning  would  risk  casing  collapse  and  a  more  gentle  cleaning 
or  no  cleaning  may  be  warranted.  Finally,  in  some  cases  the  well  casing  may  be  found 
to  be  clean  enou^  to  allow  adequate  evaluation  of  the  condition  of  the  casing,  and  a 
second  video  may  not  need  to  be  run. 

It  was  found  during  the  first  phase  that  State  and  County  permits  were  not  necessary 
for  well  decommissioning  at  McClellan  AFB,  because  the  work  is  governed  by  the 
terms  of  the  Inter  Agency  Agreement,  which  provides  for  supervision  representatives 
of  the  various  agencies  of  the  County  and  State. 
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Water  levels  will  be  measured  during  the  decommissioning  of  the  wells.  Floating  prod¬ 
uct  will  be  removed  during  preliminary  work  following  removal  of  pumps  from  the 
wells.  This  product  is  expected  to  consist  primarily  of  petroleum-based  pump  lubricat¬ 
ing  oil,  and  will  be  stored  in  5S-gallon  drums.  It  will  be  tested  as  part  of  disposal, 
according  to  normal  State  of  California  procedures.  Water  in  the  wells  will  not  be 
tested,  because:  (1)  water  will  not  be  generated  at  the  surface  during  normal  abandon¬ 
ment  procedures,  and  therefore  will  not  have  to  be  disposed;  (2)  appropriate  sampling 
procedures  would  require  that  a  large  volume  of  water  be  pumped,  and  this  water 
would  require  expensive  disposal  procedures;  and  (3)  groundwater  characterization 
samples  to  support  the  ongoing  remedial  investigation  at  McQellan  AFB  are  best  col¬ 
lected  from  monitoring  wells,  rather  than  these  production  wells  with  their  lengthy 
perforated  intervals. 

The  Procedures  will  be  modified  to  specify  that  LW-1  and  LW-2  at  Camp  Kohler  will 
be  abandoned  before  BW-7.  It  is  also  hoped  that  experience  gained  during  Phase  I  will 
prove  valuable  dining  the  present  work. 

McQellan  AFB  has  decided  to  delay  decommissioning  BW-8  for  about  six  to  twelve 
months  until  water  hook-ups  with  City  of  Sacramento  have  been  accomplished.  Until 
that  time,  BW-8  will  remain  inactive  as  a  fire  emergency  well.  After  the  water  hook¬ 
up,  BW-8  will  be  completely  decommissioned  as  recommended.  The  Technical 
Memorandum  will  provide  details  on  the  approach  to  decommissioning. 

McQellan  AFB  will  continue  to  evaluate  other  wells  for  decommissioning  in  the 
future.  The  Procedures  attempted  to  facilitate  this  process  gathering  information  on 
well  locations  and  construction  details.  It  is  expected  that  there  will  be  a  Phase  III 
following  completion  of  the  present  work. 

Contradictory  well  logs  and  diagrams  were  obtained  for  various  wells  when  gathering 
data  for  the  preparation  of  the  procedures,  and  therefore  only  the  original  Well  Drillers 
Report  was  included  for  a  given  well  when  available.  The  Technical  Memorandum  that 
will  be  prepared  following  completion  of  the  preliminary  work  will  include  actual  infor¬ 
mation  on  well  construction,  as  well  as  the  appropriate  geologic  log,  if  available. 

Comment:  Page  4,  paragraph  3,  Permits  and  regulatory  requirements  should  be 
included  or  referenced  fkom  Phase  1  workplan. 

Response:  It  was  found  during  Phase  I  that  state  and  county  permits  were  not  neces¬ 
sary  for  well  decommissioning  at  McQellan  AFB,  because  the  work  is  governed  by  the 
terms  of  the  InterAgency  Agreement,  which  provides  for  supervision  by  representatives 
of  the  various  agencies  of  the  counfy  and  state.  However,  because  the  regulatoiy 
requirements  set  standards  that  are  met  or  exceeded  in  all  phases  of  well  decommis¬ 
sioning  at  McQellan  AFB,  Phase  I  work  plan  will  be  referenced  in  this  context. 
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Comment:  Page  18,  Table  4  indicates  a  casing  diameter  of  16*  while  the  drillers  log 
indicates  a  14*.  Correct  or  explain  the  discrepancy. 

Response:  The  actual  diameter  is  16  inches,  so  the  table  is  correct  and  the  drillers  log 
is  incorrect. 


Comment:  Page  19,  paragraph  3,  The  drillers  log  indicates  a  TD  of  881  feet  and  the 
text  indicates  930  feet  Correct  or  explain  the  discrepancy. 

Response:  The  930-foot  depth  was  taken  from  McQellan  AFB  files.  It  is  unknown 
which  depth  is  correct.  However,  the  actual  original  borehole  depth  will  not  affect  the 
well  decommissioning. 


Comment:  Page  20,  The  drillers  log  for  a  BW-20  should  be  included  in  the  appendix. 
Logs  form  monitor  wells  210  and  211  should  also  be  presented. 

Response:  A  drillers  log  was  not  located  for  BW-20.  Available  information  was  taken 
firom  McQellan  AFB  files.  Geologic  logs  from  wells  210  and  211  would  serve  no  pur¬ 
pose  since  they  are  SOO  feet  away  fi-om  BW-20. 


Comment:  Page  31,  paragraph  4,  BW*9.  BW-9  should  be  Anther  investigated  and 
propeity  decommissioned  in  Aiture  efforts. 

Response:  Agreed.  This  well  will  be  the  object  of  future  decommissioning  efforts. 


Comment:  Page  35,  paragraph  1,  BW-15.  BW-15  should  be  further  investigated  and 
properly  deconunissioned  in  hiture  efforts. 

Response:  Agreed.  This  well  will  be  the  object  of  future  decommissioning  efforts. 


Comment:  Page  40,  paragraph  5,  Remedial  efforts  at  the  Davis  site  include  imple¬ 
mentation  of  a  Remedial  Investigation  for  groundwater  contamination. 

Response:  The  text  will  be  modified  to  reflect  this  fact.  The  decommissioning  of 
BW-26,  however,  is  not  a  part  of  the  Remedial  Investigation. 


Comment:  Page  42,  paragraph  2,  What  type  of  "licensed  professional”? 

Response:  The  text  will  be  modified  to  read  a  "California  Registered  Geologist  or 
Professional  Engineer." 
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Comment:  Page  42,  paragraph  4,  All  equipment  that  comes  into  contact  with 
groundwater  should  be  decontaminated  prior  to  arrival  at  each  well. 

Response:  The  text  wiU  be  modified  to  reflect  this  statement. 


Comment:  Page  43,  paragraph  1,  Since  the  equipment  used  in  cementing  will  be 
decontaminated,  how  will  the  equipment  taken  from  base  wells  (pumps,  bowls,  strain* 
ers,  etc.)  be  treated  prior  to  sending  to  DRMO. 

Response:  All  pump  equipment  will  be  steam-cleaned  as  it  is  pulled  out  of  the  well. 
Steam  cleaning  water  will  be  allowed  to  run  back  down  the  well  to  avoid  disp)osai  prob¬ 
lems.  The  text  will  be  modified  to  reflect  this  statement. 


Comment:  Page  43,  paragraph  4,  The  Department  questions  the  necessity  of  running 
video  survqrs  prior  to  cleaning  the  wells  since  the  wells  should  be  cleaned  regardless  of 
the  video  results.  The  video  survey  after  the  cleaning  would  serve  to  better  determine 
udiich  well  construction  diagram  is  accurate. 

Response:  It  is  recommended  that  television  surveys  be  run  both  before  and  after 
cleaning  the  casing.  First,  television  surveys  are  relatively  inexpensive  to  run.  In  addi¬ 
tion,  the  first  video  may  indicate  that  the  casing  is  in  poor  enough  condition  that  con¬ 
ventional  wire  brush  cleaning  would  risk  casing  collapse  and  a  more  gentle  cleaning  or 
no  cleaning  may  be  warranted.  Finally,  in  some  cases  the  well  casing  may  be  found  to 
be  clean  enou^  to  allow  adequate  evaluation  of  the  condition  of  the  casing,  and  a 
second  video  may  not  need  to  be  run. 


Comment:  Page  44,  paragraph  4,  Hie  technical  memo  should  also  include  specific 
decommissioning  information  for  each  well  (e.g.  perforation  interval,  type  of  perfora¬ 
tion  tool-knife,  bullet,  explosive-,  number  of  lifts  needed  and  interval  of  lifts,  etc. 

Response:  The  Technical  Memorandum  will  attempt  to  supply  this  information. 


Comment:  Page  47,  paragraph  1,  Perforation  of  the  entire  well  and  then  cementing  is 
probably  the  cause  of  the  decommissioning  problems  encountered  at  BW-1  during 
Phase  L  The  Department  does  not  support  use  of  "perforation  and  cementing  the 
entire  casing  in  one  lift”  technique. 

Response:  This  approach  is  only  mentioned  because  it  is  the  conventional  method  of 
decommissioning  wells.  The  text  goes  on  to  say  that  the  casing  will  be  perforated  just 
prior  to  cementing  each  lift  (pages  48-49). 
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Comment:  Page  48,  Bullet  1.  Describe  the  criteria  to  be  used  in  determining  iC^wfaen 
perforation  of  the  casing  is  necessary. 

Response:  Blank  sections  of  casing  will  be  perforated  prior  to  cementing  unless  the 
television  survey  reveals  that  the  casing  is  too  weak  to  sustain  perforation. 


Comment:  Page  49,  Bullet  4.  Hie  perforated  interval(s)  should  be  identified  for  each 
well. 

Response:  The  Technical  Memorandum  will  describe  intervals  to  be  perforated  based 
on  the  results  of  the  television  survey,  which  will  identify  intervals  of  existing  perfora¬ 
tions.  However,  final  decisions  on  perforation  will  be  made  in  the  field  and  based 
on  results  of  prior  episodes  of  perforation  for  that  well. 


Comment:  Page  49,  paragraph  2.  Specify  if  wells  located  within  buildings  will  be 
excavated  3  feet  below  grade. 

Response:  Wells  located  within  buildings  will  not  be  excavated  3  feet  below  grade. 
Instead,  the  cement  will  be  brought  up  flush  with  the  floor  surface.  The  Procedures 
will  be  modified  to  clarify  this. 


Comment:  Page  50,  BW«7.  The  Department  recommends  attempting  to  seal  the  lowe 
section  of  BW-7  and  overwashing  and  removing  the  upper  170-200  feet 

Response:  The  Technical  Memorandum  will  propose  an  approach  to  decommissioning 
BW-7.  This  approach  will  most  likely  be  similar  to  the  approach  used  in  LW-1  and 
LW-2  at  Camp  Kohler.  Decommissioning  of  BW-7  will  also  most  likely  follow  the 
decommissioning  of  the  Camp  Kohler  wells  in  order  to  benefit  from  the  experience 
gained  at  Camp  Kohler. 


Comment:  Page  51,  paragraph  2,  BW-8.  Contamination  has  been  found  at  175' 
BGS.  The  Department  recommends  that  BW-8  be  completely  decommissioned  and  not 
used  as  a  fire  fighting  reserve  well. 

Resptmse:  McOellan  AFB  has  decided  to  delay  decommissioning  BW-8  for  about  6  to 
12  months  until  water  hook-ups  with  Cify  of  Sacramento  have  been  accomplished. 
Until  that  time,  BW-8  will  remain  inactive  as  a  fire  emergency  well.  After  the  water 
hook-up,  BW-8  will  be  completely  decommissioned  as  recommended.  The  Technical 
Memorandum  will  provide  details  on  the  approach  to  decommissioning. 
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Ginunent:  Page  51,  Camp  Kohler  Wells.  Provide  any  of  the  driller  or  lithologic  logs 
for  the  Seismic  and  Triax  Holes.  The  Departments  evaluation  of  the  cement  bond  logs 
indicate  that  a  poor  seal  (if  any)  exists.  The  Department  recommends  perforating  the 
casing  and  squeezing  the  hole  with  cement 

Response:  No  driller  or  lithologic  logs  are  available  for  the  Seismic  Well  and  Triax 
Holes.  McOellan  AFB  agrees  that  the  acoustic  bond  log  for  the  Triax  Hole  contains 
contradictory  signals  and  may  indicate  that  the  cement  seal  is  poor  or  nonexistent.  This 
well  will  be  decommissioned  through  pressure-grouting.  A  detailed  approach  will  be 
provided  in  the  Technical  Memorandum.  The  data  from  the  acoustic  tend  log  for  the 
Seismic  Well,  however,  are  relatively  unambiguous.  Therefore  it  is  recommended  that 
this  well  be  decommissioned  as  proposed  in  the  Procedures. 


Comment:  Page  53,  paragraph  3,  All  water  generated  during  the  decommissioning 
effort  (not  Just  decontamination  water)  should  be  pumped  into  a  Baker  tank  and  sent 
to  the  GWTP  for  disposal.  Use  of  berms  and  evaporation  is  not  acceptable. 

Response:  The  decommissioning  process  has  been  designed  so  that  no  water  will  be 
generated  and  will  therefore  require  no  disposal.  Decontamination  will  take  place  with 
a  steam  cleaner  fitted  with  a  circular  sprayer  mounted  to  the  well  head,  with  steam  jets 
directed  downward  into  the  well.  In  this  way  decontamination  water  will  flow  back 
down  the  hole.  If  it  should  become  necessary  to  generate  wastewater  for  disposal 
through  some  unanticipated  event  during  the  field  work,  this  water  will  be  collected  in 
a  Baker  Tank  and  disposed  at  the  Groundwater  Treatment  Plant,  as  recommended 
here.  The  Procedures  will  be  modified  to  reflect  this  language. 


Comment:  Page  9,  paragraph  2,  Edit  Should  reference  to  BW-16  be  BW-15? 

Response:  During  the  record  search  for  this  project,  it  was  found  that  the  weU  that  was 
previously  thought  to  be  BW-16  was  actually  BW-15.  BW-16  was  located  along  Patrol 
Road  in  the  western  portion  of  McQellan  AFB. 


Comment:  Page  31,  paragraph  3,  Base  Well  6  is  not  identified  on  Figure  2. 
Response:  The  presiuned  location  of  BW-6  will  be  plotted  on  Figure  2. 
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SUBJECT:  McQellan  AFB  Well  Abandomnent  Phase  II 

Preliminary  Field  Activities 


PROJECT:  SAC28722.31.A4 


Introduction 

Task  2  of  the  Phase  II  Well  Abandonment  Program  at  McQellan  AFB  involved  the 
preparation  of  wells  for  decommissioning.  This  preliminary  work  included  the  removal 
of  existing  turbine  pumps  from  five  inactive  wells,  a  downhole  television  survey  in  those 
wells,  removal  of  lubricating  oil  from  four  wells,  cleaning  of  the  casings  in  four  wells, 
coring  into  the  gravel  packs  in  five  wells,  and  a  second  television  survey  in  the  four 
wells  that  were  cleaned.  In  addition,  formerly  abandoned  wells  at  Camp  Kohler  were 
located  by  digging  with  a  backhoe,  and  two  seismic  wells  at  Camp  Kohler  were  given 
acoustic  bond  log  surveys.  This  Technical  Memorandum  describes  the  preliminary 
work  accomplished  at  McQellan  AFB  and  summarizes  the  findings  of  the  television 
surveys  and  coring  into  the  gravel  pack.  Recommendations  for  completing  the 
decommissioning  are  also  included. 


Preliminary  Work 


Pump  Removal 

Pumps  were  removed  from  base  wells  BW-8,  BW-13,  BW-17,  BW-20,  and  BW-28 
between  April  20  and  May  3,  1992.  The  work  was  performed  by  Layne-Westem 
Compare  under  the  supervision  of  CH2M  HILL.  Safety  and  ambient  air  conditions 
during  this  and  all  field  work  were  monitored  by  CH2M  HILL  using  a  photoionization 
detector,  an  explosimeter,  and  a  radiation  meter.  No  elevated  readings  above 
background  were  observed  during  pump  removal.  All  pump  equipment  and  parts  were 
steam-cleaned  for  decontamination  as  they  were  pulled  from  the  wells,  and  water  was 
allowed  to  run  back  down  the  holes.  Pumps  and  piping  were  temporarily  stored  at 
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BW-13  and  then  moved  to  the  McOellan  AFB  Defense  Reutilization  and  Marketing 
Office  (DRMO)  at  Building  700.  Pumps  and  piping  from  BW-8  have  been  temporarily 
stored  at  the  Contractor’s  Staging  Area  pending  reinstallation  in  the  well. 

Base  WeU  No.  8 

Pump  removal  at  BW-8  took  place  between  April  21  and  24,  1992.  Removed  were  a 
U.S.  Motors  10(l-horsepower  (hp)  electric  motor  with  a  U.S.  HoUowshaft  gear  drive 
connected  to  a  diesel  auxiliary  motor  and  a  Peerless  10-stage  bowl  assembly  set  at  a 
depth  of  160  feet  below  the  ground  surface.  It  was  necessary  to  jackhammer  the 
concrete  pedestal  on  which  the  head  assembly  rested  because  this  assembly  was 
cemented  in  place.  It  was  also  necessary  to  cut  the  head  tube  that  distributes  lubri¬ 
cating  oil  through  the  discharge  head  assembly  to  the  main  oil  tube  that  enclosed  the 
line  shaft  and  l^arings.  Tliis  tube  is  set  under  tension  with  a  tension  nut,  which  was 
frozen  and  had  to  be  cut  to  release  the  tension. 

During  work  at  BW-8,  a  10-inch-diameter  casing  liner  was  found  inside  the  regular 
12-inch-diameter  casing.  Because  the  pump  column  was  8  inches  in  diameter  and  the 
pump  bowls  were  9-5/8  inches  in  diameter,  the  pump  bowls  were  tightly  wedged  against 
the  side  of  the  liner  and  were  difficult  to  pull. 

Base  WeU  No.  13 

The  pump  was  removed  from  BW-13  between  April  20  and  22,  1992.  The  motor  was 
a  U.S.  Motors  100-hp  electric  motor,  with  a  Randolph  right-angle  gear  drive  attached 
to  a  diesel  auxiliary  motor  and  a  Peerless  eight-stage  bowl  assembly  set  at  a  depth  of 
150  feet  below  the  ground  surface.  The  diameter  of  the  pipe  column  decreased  from 
10  inches  to  8  inches  at  a  depth  of  60  feet. 

Base  WeU  No.  17 

Pump  removal  at  BW-17  took  place  on  May  2  and  3,  1992.  Because  power  lines  run 
directly  above  Building  699,  in  which  BW-17  is  located,  it  was  necessary  for  McQellan 
AFB  to  turn  off  the  power  and  take  down  the  lines,  so  work  took  place  on  a  weekend. 
Pump  parts  consisted  of  a  U.S.  HoUowshaft  75-hp  electric  motor  with  a  Floway  gear 
drive  and  a  Floway  three-stage  bowl  assembly  set  at  a  depth  of  about  140  feet.  The 
former  auxiliary  motor  had  been  removed  previously.  The  pump  column  consisted  of 
8-inch  diameter  pipe  in  10-foot  sections,  with  the  exception  of  the  first  section,  which 
was  8  feet  long.  As  with  BW-8,  it  was  necessary  to  cut  the  head  tube  to  release  the 
tension  on  the  main  oil  tube  before  pulling  out  the  pump  column  materials. 

Base  WeU  No.  20 

The  pump  in  BW-20  was  removed  on  April  27,  1992.  The  motor  was  a  General  Elec¬ 
tric  7.5-hp  induction  motor,  with  no  am^aiy  motor,  and  a  Johnston  eight-stage  bowl 
assembly  set  a  depth  of  100  feet  below  the  ^ormd  surface.  Apparently,  the  original 
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pump  was  removed  from  this  well  in  1968  and  replaced  with  this  smaller  pump,  and 
BW-20  changed  from  a  base  supply  well  to  a  backup  supply  well  serving  Building  200 
only.  The  pump  column  in  BW-20  was  4  inches  in  diameter.  Pump  removal  went 
smoothly  except  that  the  air  line  fell  to  the  bottom  of  the  well  (it  was  not  banded  to  the 
column  pipe)  when  cut. 

Base  WeU  No.  28 

Pump  removal  at  BW-28  took  place  on  April  20,  1992.  The  pump  was  a  Franklin 
Electric  2-hp  submersible  pump  set  at  a  depth  of  lOS  feet  below  the  ground  surface  on 
five  sections  of  21-foot-long,  2-inch-diameter  discharge  pip>e.  This  well  was  not  part  of 
the  base  water  supply  system  but  served  Building  1082  o^y.  In  1991  the  groundwater 
level  fell  below  the  pump  intake.  Pump  removal  was  simple  and  uneventful. 

Initial  Television  Surveys 

Following  removal  of  the  pumps,  downhole  television  surveys  were  performed  in  each 
well  to  be  decommissioned  or  modified  during  Phase  II.  Ilie  television  surveys  were 
conducted  by  Layne-Westem  Company  under  CH2M  HBLL’s  supervision.  BW-8, 
BW-13,  and  BW-28  were  surveyed  on  April  29, 1992,  and  BW-7,  BW-17,  and  BW-20  on 
May  6,  1992.  The  purpose  of  the  surveys  was  to  obtain  initial  evaluations  of  the  condi¬ 
tions  of  the  casings  prior  to  any  further  work.  The  survey  also  identified  wells  that 
contained  lubricating  oil  and  that  required  cleaning,  and  provided  basic  confirmation  of 
well  construction  details.  As  the  camera  and  cable  were  withdrawn  from  each  well  they 
were  steam-cleaned  and  the  water  allowed  to  flow  down  the  well.  Main  findings  of  the 
surveys  follow. 

Base  WeU  No.  7 

BW-7  was  first  located  in  1982  during  the  Phase  II  Installation  Restoration  Program  at 
McQellan  AFB.  The  well  lay  below  grade  in  a  buried  vault  and  was  located  with  a 
magnetic  flux  indicator,  then  excavated.  An  extension  was  welded  onto  the  casing  to 
bring  it  above  grade,  and  the  excavation  was  fiUed  in.  Sounding  of  the  well  revealed 
the  presence  of  an  obstruction  at  a  depth  of  approximately  80  feet.  McOellan  AFB 
staff  attempted  to  drill  out  the  obstruction  using  a  "rotary  wash"  method,  but  was  un¬ 
successful. 

It  was  hoped  that  a  television  survey  in  BW-7  would  reveal  the  nature  of  the  obstruc¬ 
tion.  However,  the  camera  contacted  silty  fill  material  at  a  depth  of  73  feet  below  the 
top  of  the  casing  (70.5  feet  below  grade)  and  was  unable  to  reveal  the  nature  of  the 
otetruction.  The  casing  above  that  point  was  diy  and  appeared  to  be  in  good  condi¬ 
tion.  The  casing  was  in  4-foot  sections,  normally  suggestive  of  cable-tool  construction. 
However,  base  records  and  the  report  from  the  1982  investigation  both  state  that  the 
well  was  constructed  by  rotary  drilling  and  contains  a  gravel  pack  annulus. 
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Base  Well  No.  8 


The  television  survey  revealed  that  BW-8  was  779  feet  deep  below  the  top  of  the  casing 
(the  well  lies  within  a  vault  about  10  feet  below  grade).  A  1966  television  survey  had 
previously  noted  that  the  well  was  785  feet  deep.  A  10-inch-diameter  liner  was  found 
to  run  from  the  well  head  to  a  depth  of  666  feet.  At  various  depths,  the  liner  was 
heavily  encrusted  with  iron  bacteria  that  obscured  views  of  its  condition.  Below  the 
liner  was  open  hole,  corresponding  to  the  "large  cavity"  noted  on  Base  records.  Pump 
lubricating  oil  to  a  depth  of  7  feet  (about  29  gallons)  was  found  floating  on  the  water  in 
the  well. 

A  12-inch-diameter  casing  is  present  at  the  surface  and  may  be  the  original  well  casing 
for  the  400-foot  well  noted  in  Base  well  records.  Gravel  feed  pipes  are  also  present 
suggesting  a  rotary  drilled  well.  However,  the  television  video  revealed  joints  in  the 
casing  liner  every  5  feet,  suggestive  of  a  cable-tool  well.  Presumably,  the  original  well 
was  drilled  by  rotary  methods  to  a  depth  of  about  389  feet,  and  12-inch-diameter  casing 
was  installed.  Perforations  extended  from  a  depth  of  170  feet  to  389  feet,  according  to 
records.  At  some  later  time,  the  well  was  deepened  by  driving  10-inch-diameter  casing 
through  the  existing  well  by  the  cable-tool  method,  "niis  casing  was  drilled  to  a  depth 
of  779  feet,  then  withdrawn  to  a  depth  of  666  feet,  leaving  a  large  cavity  in  the  semi- 
consolidated  rock.  There  are  no  perforations  in  the  casing  liner,  and  water  is  drawn 
into  the  well  from  the  open  cavity  below.  The  current  water  level  is  90  feet  below  the 
top  of  the  casing  (about  100  feet  below  the  ground  surface). 

Base  WeU  No.  13 

The  television  survey  found  the  total  depth  of  BW-13  to  be  374  feet  rather  than  the 
originally  reported  391  feet,  suggesting  that  the  lower  17  feet  of  the  casing  was  filled 
with  sediment.  The  14-inch-diameter  casing  reduces  to  12  inches  between  141  and 
143  feet  in  depth.  The  water  level  was  found  to  be  about  97  feet  below  the  top  of  the 
casing  (about  107  feet  below  grade,  as  the  well  lies  inside  a  subsurface  vault).  About 
1-1/2  feet  of  pump  lubricating  oil  floated  on  the  water  (about  8  gallons  of  oil). 

The  main  conclusion  drawn  from  the  television  survey  was  that  the  casing  is  in  very 
poor  condition.  Fortunately,  relatively  little  iron  bacteria  obscured  the  view  of  the 
casing.  Numerous  breaks  were  visible  in  the  casing,  primarily  open  vertical  seams,  but 
also  polygonal  crack  patterns,  breaks  along  joints,  and  holes.  Because  of  the  fragile 
condition  of  the  casing,  no  attempt  was  made  to  clean  it  or  bail  the  sediment  from  the 
bottom  of  the  well. 

Base  WeU  No.  17 

The  television  survey  contacted  sediment  on  the  bottom  of  BW-17  at  a  depth  of 
317  feet.  According  to  Base  records,  this  well  was  originally  drilled  to  a  depth  of 
930  feet  but  then  sealed  in  1947  at  a  depth  of  390  feet.  However,  perforations  ex¬ 
tended  only  to  a  depth  of  307  feet  (312  feet  was  the  depth  given  in  the  records),  and  a 
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1971  photographic  survey  found  the  well  to  be  344  feet  deep.  It  contained  a  16-inch- 
diameter  casing,  as  expected.  Joints  were  visible  in  the  casing  every  4  feet,  indicating 
that  the  well  was  drilled  by  the  cable-tool  method.  This  also  conformed  to  Base  re¬ 
cords.  In  places,  unusually  large  perforations  were  visible  that  may  have  allowed  the 
entry  of  sediment.  Encrustation  of  iron  bacteria  obscured  the  casing  through  much  of 
the  well.  The  water  level  was  about  105  feet  below  the  top  of  the  casing  and  about 
2  feet  (11  gallons)  of  oil  floated  on  the  water. 

Base  WeU  No.  20 

The  bottom  of  BW-20  was  contacted  at  a  depth  of  561  feet  below  the  top  of  the  casing. 
The  well  lay  in  a  subsurface  vault  about  7.5  feet  below  the  ground  surface.  According 
to  Base  records,  the  reported  original  depth  of  BW-20  was  600  feet.  If  these  records 
are  correct,  a  little  more  than  30  feet  of  sediment  lies  in  the  bottom  of  the  well.  BW- 
20  contains  14-inch-diameter  steel  casing  that  is  set  inside  a  32-inch-diameter  conductor 
casing  at  the  well  head.  The  water  level  lay  at  a  depth  of  about  110  feet  below  grade. 
About  3  feet  (24  gallons)  of  pump  lubricating  oil  was  floating  on  the  water.  BW-20  was 
found  to  contain  heavy  encrustations  of  iron  bacteria  obscuring  the  view  of  the  casing 
throughout  much  of  the  well.  The  air  line  that  fell  into  the  well  during  pump  removal 
was  visible  from  a  depth  of  479  feet  to  a  depth  of  561  feet. 

Base  WeU  No.  28 

The  television  survey  contacted  bottom  in  BW-28  at  a  depth  of  240  feet  although  the 
I  depth  indicated  on  Base  records  is  248  feet.  The  well  casing  diameter  is  8  inches  (set 

inside  a  14-inch-diameter,  cement-filled  conductor  casing).  Groundwater  was  contacted 
at  a  depth  of  106  feet.  No  lubricating  oil  was  present,  which  was  as  expected  because 
BW-28  contained  a  submersible  pump  rather  than  a  turbine  pump.  Because  of  iron 
bacteria  fouling  the  well  casing  and  near  opacity  of  the  water  due  to  apparent  lack  of 
groimdwater  movement  through  the  well,  it  was  very  difficult  to  evaluate  the  condition 
of  the  casing. 

Removal  of  Pump  Lubrication  Oil 

Oil  was  found  during  initial  television  surveys  in  wells  BW-8,  BW-13,  BW-17  and 
BW-20,  the  four  wells  that  contained  turbine  pumps.  This  oil  was  bailed  out  between 
May  11  and  16,  1992,  and  stored  in  55-gailon  drums  at  the  wellhead.  Fifty  to 
100  gaUons  of  oil/water  mixture  was  dipped  from  each  of  the  four  wells. 

RAMOS  Environmental  Services  was  contracted  to  recycle  the  oil  being  stored  in  the 
drums.  Removal  was  accomplished  on  May  20,  1992,  after  chloro-detect  and  flamma¬ 
bility  tests  were  performed  to  confirm  that  the  oil  was  nonhazardous  according  to  Cali¬ 
fornia  regulations.  A  total  of  239  gallons  of  oil/water  mixture  was  removed.  The 
empty  55-gallon  drums  were  then  disposed  to  a  drum  recycler. 

{ 
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Well  Rehabilitation 


After  the  pump  lubricating  oil  had  been  removed,  some  rehabilitation  of  the  wells  was 
necessary.  With  the  exception  of  BW-7,  which  contained  no  water,  all  the  McClellan 
AFB  wells  were  fouled  with  gelatinous  masses  of  iron  bacteria  and  encrusted  with  iron 
oxide  deposits.  Rehabilitation  consisted  of  cleaning  with  a  steel  brush  fabricated  for 
each  well  diameter,  in  order  to  allow  improved  evaluation  of  the  condition  of  the  well 
casing.  BW-13  was  excluded  from  this  brushing  because  of  the  fragile  condition  of  the 
weU  casing  detected  during  the  initial  television  survey  and  the  fear  of  casing  collapse. 
For  wells  BW-8,  BW-17,  BW-20,  and  BW-28,  cleaning  consisted  of  slowly  lowering  and 
raising  the  brush  through  the  entire  length  of  the  casing  until  it  was  judged  to  be  clean. 
The  cable  and  brush  were  steam-cleaned  as  they  were  pulled  from  the  well.  Cleaning 
took  place  between  May  12  and  16,  1992,  with  about  1  day  devoted  to  cleaning  at  each 
weU.  It  was  necessary  to  work  on  BW-17  on  the  weekend  because  of  the  need  to  re¬ 
move  power  lines. 

Each  well  was  sounded  after  the  cleaning  of  the  casing,  and  an  additional  7  feet  of 
sediment  was  found  to  have  settled  to  the  bottom  of  BW-17.  Apparently,  the  move¬ 
ment  of  the  bailer  past  the  zones  of  large  perforations  in  this  well  caused  additional 
material  to  enter  the  well.  After  some  consideration,  it  was  decided  to  bail  the  sedi¬ 
ment  from  BW-17.  BW-13  and  BW-20  may  also  be  candidates  for  sediment  removal. 
However,  BW-13  was  considered  too  fragUe  to  risk  bailing.  BW-20  contained  about 
30  feet  of  sediment,  but  the  bottom  of  this  well  lay  at  a  depth  of  600  feet  below  the 
ground  surface.  At  this  great  depth,  groundwater  flow  gradients  are  reported  to  be 
vertically  upward,  and  so  removal  of  the  relatively  small  amount  of  material  was  consid¬ 
ered  unnecessary.  Cement  volumes  will  be  observed  during  decommissioning  to  evalu¬ 
ate  whether  this  portion  of  the  well  is  successfully  sealed. 

Sediment  was  bailed  from  BW-17  over  the  weekend  of  June  13  and  14, 1992.  Sediment 
was  placed  in  a  metal  bin  adjacent  to  the  wellhead.  Progress  was  fairly  rapid  to  a 
depth  of  356  feet  below  grade.  From  that  point,  additional  bailing  proved  impossible. 
This  depth  was  below  the  bottom  of  the  weU  noted  in  the  1971  photographic  survey  but 
above  the  depth  noted  in  the  Base  records.  Bailing  past  this  depth  was  attempted  for 
about  2  hours.  Presumably,  the  base  of  the  well  lies  at  356  feet.  The  lower  portion  of 
the  casing  in  BW-17  exposed  after  bailing  the  sediment  was  then  cleaned  by  brushing, 
as  in  other  wells.  During  this  operation,  5  additional  feet  of  sediment  entered  the  well 
and  was  subsequently  removed  by  bailing.  Sediment  was  later  disposed  to  the 
McCleUan  AFB  soils-holding  area  at  the  direction  of  Base  disposal  personnel. 

Exposure  of  the  Gravel  Pack 

Portio  s  of  the  concrete  pads  at  the  wellheads  were  removed  by  jackhammering  to 
expose  the  underlying  gravel  pack.  The  objective  of  this  work  was  to  allow  an  evalua¬ 
tion  of  the  diameter  of  the  annular  space  surrounding  the  casing  and  the  composition 
of  the  gravel  pack.  This  information  is  needed  to  reduce  uncertainty  during  cement 
volume  calculations  when  the  wells  are  being  decommissioned.  BW-17  and  BW-28 
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were  drilled  by  the  cable-tool  method  so  removal  of  the  pads  confirmed  that  no  gravel 
pack  was  present  in  these  wells. 

As  previously  described,  BW-8  has  a  10-inch-diameter  liner  inside  the  12-inch-diameter 
weU  casing.  During  removal  of  a  portion  of  the  concrete  pad,  a  2-inch-diameter  sub¬ 
merged  pipe  was  discovered  that  was  apparently  used  to  feed  sand  into  the  annular 
space  between  the  casing  and  liner.  When  exposed,  the  aimular  space  appeared  to  be 
filled  with  sand;  the  annular  space  between  the  well  casing  and  the  conductor  casing 
was  filled  with  pea  gravel. 

At  BW-20  a  steel  plate  welded  onto  the  32-inch-diameter  conductor  casing  covered  the 
space  between  the  conductor  and  the  14-inch-diameter  well  casing,  covering  the  gravel 
pack.  However,  the  composition  of  the  gravel  could  be  seen  in  the  two  feeding  pipes, 
which  were  filled  with  1/2-inch  pea  gravel  to  the  top. 

Final  Television  Survey 

A  second  television  survey  was  performed  in  the  wells  that  had  been  cleaned.  BW-8, 
BW-17,  and  BW-20  were  videotaped  on  May  21,  1992  and  BW-28  on  May  26,  1992.  It 
was  necessaiy  to  reclean  BW-28  on  June  8,  1992,  after  the  television  survey  revealed 
that  the  casing  was  still  obscured  by  iron  bacteria.  As  described  above,  BW-17  was 
recleaned  on  June  14,  1992,  after  sediment  was  bailed  from  the  bottom  of  the  hole  on 
June  13  and  14,  1992.  Downhole  television  surveys  were  then  taken  in  BW-17,  BW-20, 
and  BW-28  on  June  20, 1992,  and  in  the  Triax  Hole  at  Camp  Kohler  on  June  25, 1992. 

The  surveys  revealed  that  the  casings  in  BW-8,  BW-17,  BW-20,  BW-28,  and  the  Triax 
Hole  were  sound  enough  to  withstand  pressure  grouting.  Void  spaces  of  unknown 
diameter  were  observed  for  2  feet  in  the  open  borehole  beneath  the  casing  liner  in 
BW-8  and  at  depths  of  679  and  680  feet,  and  722  and  723  feet.  Large  perforations 
were  observed  in  BW-17  at  depths  of  281  to  288  feet  and  297  to  306  feet.  These 
perforations  were  presumably  the  source  of  the  sediment  that  migrated  into  the  well. 

Camp  Kohler  Laundry  Wells  No.  1  and  2 

In  December  1991  an  effort  had  been  made  to  locate  Laundry  Wells  No.  (LW-)  1  and 
2  by  surveying  the  locations  from  old  maps  and  then  digging  down  with  a  backhoe. 
The  southernmost  of  these  wells,  LW-1,  was  located  at  that  time  with  a  mushroom¬ 
shaped  plug  of  concrete  extending  above  casing  that  had  been  cut  about  4  feet  below 
grade.  However,  field  persotmel  were  unsuccessful  at  locating  LW-2.  Since  that  time, 
old  aerial  photographs  found  in  Base  files  have  offered  an  improved  opportunity  to 
locate  LW-2.  On  June  16  through  18,  1992,  a  second  attempt  was  made  to  locate 
LW-2,  and  LW-1  was  dug  up  again. 

When  LW-1  was  exposed,  the  concrete  plug  was  removed,  and  a  12-inch-diameter  steel 
casing  was  revealed.  Further  excavation  to  a  depth  of  about  9  feet  failed  to  expose  any 
conductor  casing  or  gravel  pack.  In  the  opinion  of  field  persotmel,  this  well  was  con¬ 
structed  by  cable-tool  methods  and  therefore  did  not  contain  a  gravel  pack.  An 
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extension  was  then  welded  onto  the  casing  to  bring  it  above  grade,  and  the  hole  was 
backfilled  with  dirt. 

It  took  about  4  hours  to  locate  LW-2,  even  with  the  assistance  of  aerial  photographs. 
Finally,  the  well  was  found  about  4  feet  below  grade,  filled  with  cement.  Further  exca¬ 
vation  revealed  a  32-inch-diameter  conductor  casing.  After  the  cement  was  jack- 
hammered,  a  14-inch-diameter  well  casing  was  exposed.  Between  the  well  casing  and 
the  conductor  casing  was  a  loose  pea  gravel  filter  pack.  An  extension  was  then  welded 
to  this  well  to  bring  it  above  grade,  and  the  hole  was  backfilled  with  dirt. 


Conclusions  and  Recommendations 

Table  1  summarizes  well  construction  details  pertinent  to  the  well  decommissioning  that 
were  obtained  during  preliminary  work  on  McQellan  AFB  wells.  The  preliminary  work 
revealed  some  previously  unknown  information  regarding  certain  wells  that  will  affect 
the  decommissioning  approach.  In  addition,  regulatory  agencies  have  expressed  some 
concerns  that  will  also  affect  the  approach.  This  section  summarizes  the  main  conclu¬ 
sions  drawn  during  the  preliminary  work  and  describes  necessary  changes  to  the  ap¬ 
proach  outlined  in  the  Well  Closure  Methods  and  Procedures  Report  (the  Report). 


Table  1 

Sammai;  of  Well  CoaaincIlDD  Date 

f  WcU 

WeUCafli« 
mauMter  (in.) 

Coadactar 

CMil« 

Otamalcr  (iiL) 

Filter  Pack 
ComiMciflon 

Perforated 
Intcrrali  (ft) 

Propoacd 
Perforated 
Intervala  (II) 

Groat  Volame 
Reqaired  (iP/ft) 

Depth  of 
WeU  (ft) 

|bW-7 

12 

24 

Pea  gravel 

N/A 

Will  be 
determined 

1.73 

398 

BW-8 

10  (inner) 

12  (outer) 

26 

Pea  gravel 

Uncertain 

WiUbe 

determined 

1.81  (liner) 

1.95  (casing 

779 

BW-13 

14  (0-142  ft) 

12  (142-374  ft) 

24 

Vi-pea  gravel 

178-391 

80-170 

1.90  (0-142  (ft) 
1.73  (142-374  ft) 

391 

BW-17 

16 

24 

N/A 

212-214; 

281-288; 

297-306 

85-200; 

225-270; 

315-356 

1.54 

356 

BW-20 

14 

32 

V^incb  pea 
gravel 

168-178; 

219-2S8; 

338-374; 

494-506 

90-155; 

190-210; 

270-325; 

385-485; 

515-569 

2.88 

569 

BW-28 

8 

14 

N/A 

143-147; 

202-204; 

233-236 

90-130; 

160-190; 

215-225 

0J8 

248  1 

LW-1 

12 

N/A 

N/A 

NA 

WUlbe 

determined 

Uncertain 

420  1 

LW.2 

14 

32 

Pea  gravel 

N/A 

WUlbe 

detennined 

Unoettain 

514  1 

TriaxHole 

iiy4 

13yi 

N/A 

N/A 

0-190 

1.03 

190  f 

SdHBk 

7 

N/A 

N/A 

N/A 

N/A 

0.27 

500  1 
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Base  WeU  No.  7 


There  is  an  obstruction  in  BW-7  at  a  depth  of  about  71  feet  below  grade  that 
reportedly  resisted  drilling  in  1982.  A  television  survey  performed  as  part  of  the 
preliminary  work  for  this  project  did  not  reveal  what  the  obstruction  may  be.  However, 
it  is  possibly  the  top  of  the  well’s  original  pump  column.  When  the  well  was 
abandoned,  the  workers  may  have  removed  the  motor  and  cut  the  column,  allowing  it 
to  fall  to  the  bottom  of  the  well.  However,  if  the  well  is  really  398  feet  deep,  then  the 
original  pump  bowls  must  have  been  set  at  a  depth  of  327  feet.  This  seems 
unreasonably  deep.  On  the  other  hand,  if  the  casing  had  been  filled  with  cement, 
rotary  drilling  should  have  penetrated  beyond  a  depth  of  71  feet. 

Because  of  the  uncertainty  surrounding  this  well,  the  proposed  first  step  is  an  attempt 
to  further  evaluate  the  well  by  core-drilling  a  6-inch-diameter  hole  through  air-rotary 
methods.  If  no  resistance  is  met,  the  hole  should  be  continued  to  the  bottom  of  the 
well.  The  well  can  then  be  perforated  by  shot  perforation  and  grout  injected  under 
pressure  in  stages  as  described  in  the  Report.  If  no  cement  is  encountered  but  the  top 
of  the  pump  column  is  foimd,  an  effort  should  be  made  to  fish  out  the  column.  The 
casing  can  then  be  evaluated  by  means  of  a  television  survey  and  the  well  decommis¬ 
sioned  as  specified  in  the  Report.  If  no  cement  is  found  but  the  well  is  filled  with 
gravel  or  sand,  it  should  be  drilled  out  by  mud  or  air  techniques  and  decommissioned 
as  specified  in  the  Report.  Finally,  if  the  pump  column  is  found  encased  in  cement,  it 
will  be  necessary  to  develop  a  new  approach.  This  may  involve  drilling  out  the  column 
with  a  mill  bit  or  constructing  an  "overwash"  bit  and  drilling  outside  the  casing  to  re¬ 
move  the  gravel  pack.  In  the  former  approach,  the  well  would  be  perforated  and  pres¬ 
sure-grouted.  In  the  latter  approach,  cement  would  be  tremmied  down  to  replace  the 
gravel  pack.  The  regulatory  agencies  (DTSC  and  RWQCB)  should  be  consulted  as 
decisions  are  made  in  this  process.  Because  of  the  similarities  between  this  well  and 
LW-2  at  Camp  Kohler,  it  is  proposed  that  LW-2  be  decommissioned  first  to  refine  the 
approach  before  attempting  to  decommission  BW-7. 

Base  WeU  No.  8 

Based  on  additional  information  collected  during  Phase  II  in  1992,  BW-8  was  found  to 
have  two  well  casings;  a  12-inch  well  casing  (assumed  to  be  the  original  well  which 
extended  down  to  389  feet)  and  a  solid  10-inch  casing  or  liner  that  extended  to 
662  feet.  The  total  depth  of  the  well  was  779  feet.  Three  voids  were  noted  during  a 
1992  television  survey  between  662  and  779  feet. 

The  lower  portion  of  BW-8  extending  firom  approximately  779  feet  to  662  feet  will  be 
filled  with  a  sand  slurry  cement  to  seal  the  three  large  voids.  The  10-inch  iimer  casing 
will  then  be  perforated  from  662  fee  ^10  feet  and  sealed  with  another  lift  of  sand 
slurry  cement.  From  380  to  410  feet  mer  casing  will  be  perforated  to  induce  sand 
which  might  be  in  the  aimular  space  between  the  10  and  12-inch  casing  to  flow  into  the 
well. 
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The  inner  casing  will  then  be  cut  at  the  bottom  of  the  original  well  (around  389  feet) 
with  a  Mills  knife.  An  attempt  will  be  made  to  pull  the  10  inch  casing  from  the  well. 
If  the  10-inch  casing  is  successfully  removed,  then  the  well  wiU  be  bailed  out  and 
another  downhole  television  survey  will  be  performed.  Elepending  on  the  conditions  of 
the  12-inch  casing,  it  may  be  necessary  to  clean  the  casing  and  perform  a  second 
television  survey.  The  well  would  then  be  pressure  grouted  from  170  to  389  feet  and 
then  perforated  and  pressure  grouted  from  170  to  8S  feet. 

If  the  attempt  to  pull  the  liner  is  unsuccessful,  it  may  be  possible  to  cut  shorter  lengths 
of  the  casing  and  to  pull  these  segments  out  using  borehole  "fishing”  tools.  If  this 
method  is  unsuccessful,  it  may  be  necessary  to  shot-perforate  through  the  liner  and 
casing.  BW-8  will  then  be  decommissioned  by  pressure-grouting  according  to  the 
procedures  described  in  the  Well  Qosure  Methods  and  Procedures  for  Phase  II. 

Base  Wett  No.  13 

Because  the  well  casing  in  BW-13  was  found  to  be  in  very  weak  condition,  it  would  be 
too  risky  to  attempt  pressure-grouting  the  well.  Instead,  BW-13  should  be  decommis¬ 
sioned  in  stages,  using  a  low-viscosity  cement  according  to  procedures  specified  in  the 
Report.  Fortunately,  existing  perforations  in  the  well  extend  from  a  depth  of  178  feet 
to  the  total  depth  of  the  well,  so  it  would  be  unnecessary  to  perforate  in  that  interval. 
Above  that  interval,  the  casing  appears  to  be  sound,  according  to  the  television  survey. 
Therefore  the  casing  would  be  perforated  from  about  80  feet  to  170  feet  and  grout 
injected  under  pressure  in  a  minimum  of  two  lifts.  The  remaining  procedures  would  be 
as  described  in  the  Report. 

Base  Wells  No  17,  20,  and  28 

Preliminary  ev  .ions  of  BW-17,  BW-20,  and  BW-28  indicate  that  the  casing  in  these 
wells  are  in  relatively  good  condition.  Therefore,  decommissioning  can  proceed  as  spe¬ 
cified  in  the  Report.  Intervals  proposed  for  perforation  are  listed  in  Table  1.  If 
intervals  exceed  50  feet,  they  will  be  grouted  in  more  than  one  lift.  As  described  in  the 
Report,  grouting  will  begin  with  short  intervals  and  gradually  move  to  longer  intervals. 

Ltuindry  Well  No.  1 

LW-1  at  Camp  Kohler  is  beUeved  to  have  been  drilled  by  the  cable-tool  method,  in 
which  weU  casing  is  driven  into  the  ground  and  no  gravel  pack  is  installed.  Excavation 
to  a  depth  of  9  feet  at  this  well  failed  to  reveal  gravel  pack.  The  well  does  appear  to 
have  been  filled  with  cement.  However,  it  is  possible  that  a  plug  was  set  at  a  relatively 
shallow  depth  and  cement  emplaced  above  the  plug,  as  sometimes  practiced  in  the 
past.  Therefore,  it  is  proposed  that  a  6-inch-diameter  core  be  drilled  into  the  cement 
to  a  depth  of  about  50  feet  to  determine  whether  the  cement  extends  throughout  the 
casing.  If  so,  the  core  hole  should  be  backfilled  with  cement,  and  the  well  cut  below 
grade  and  buried  to  return  it  to  its  previous  condition.  If  for  some  reason  the  cement 
does  not  entirely  fill  the  well,  it  should  be  filled  with  a  sand/cement  slurry  placed  in  the 
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well  through  a  tremmie  pipe.  Because  LW-1  does  not  contain  a  gravel  pack,  extraordi¬ 
nary  measures,  such  as  shot-perforation  and  pressure-grouting,  are  not  needed  to  de¬ 
commission  this  well. 

Laundry  WeU  No.  2 

During  preliminary  work  at  Camp  Kohler  LW-2  was  excavated  and  determined  to 
contain  a  pea  gravel  filter  pack  surrounding  the  original  casing  that  is  presently  filled 
with  cement.  Therefore,  this  well  should  be  decommissioned  by  filling  the  void  spaces 
in  the  gravel  pack  with  grout.  However,  a  previous  investigation  suggested  that  the 
pump  column  may  have  been  cut  and  allowed  to  fall  into  the  well  prior  to  cementing 
(Radian  Corporation,  1985.  Camp  Kohler  Investigation).  LW-2  is  therefore  similar  in 
circumstance  to  BW-7  at  McQellan  AFB. 

Because  of  the  uncertainty  surrounding  this  weU,  it  is  proposed  that  a  similar  approach 
be  followed  as  at  BW-7.  The  first  step  should  be  to  attempt  to  further  evaluate  the 
well  by  core-drilling  a  six-inch-diameter  hole  through  air-rotary  methods.  If  no  resis¬ 
tance  is  met,  then  the  hole  will  be  continued  to  the  bottom  of  the  well.  The  well  will 
then  be  perforated  by  shot  perforation,  and  grout  injected  under  pressure  in  stages  as 
described  in  the  Report.  If  the  cement  is  restricted  to  a  smaU  interval  above  a  plug, 
but  the  top  of  the  pump  column  is  found,  then  an  effort  will  be  made  to  fish  out  the 
column.  *1116  well  will  then  be  given  a  television  survey  to  evaluate  the  casing,  and 
decommissioned  as  speciGed  in  the  Report.  Finally,  if  the  pump  column  is  found 
encased  in  cement,  then  it  will  be  necessary  to  develop  a  new  approach.  This  may 
involve  drilling  out  the  colurtm  with  a  mill  bit,  or  constructing  a  an  "overwash"  bit  and 
drilling  away  outside  of  the  casing  to  remove  the  gravel  pack.  In  the  former  approach, 
the  well  would  be  perforated  and  pressure-grouted.  In  the  latter  approach,  cement 
would  be  tremmied  down  to  replace  the  gravel  pack.  The  regulatory  agencies  will  be 
consulted  as  decisions  are  made  in  this  process.  LW-1  will  be  decommissioned  before 
BW-7  to  refine  the  approach  before  moving  to  a  setting  that  may  be  more  difficult, 
both  fi'om  a  contamination  and  fi-om  an  access  standpoint. 

Triax  Hole 

As  a  preliminary  activity,  the  Triax  Hole  was  given  an  acoustic  bond  survey  to  evaluate 
the  condition  of  the  cement  seal  surrounding  the  casing.  A  discussion  of  the  survey  and 
its  conclusions  and  a  copy  of  the  original  log  for  the  survey  were  provided  in  the 
Report.  Because  the  survey  revealed  that  the  seal  may  be  inadequate  and  because  of 
agency  concern  that  no  surface  seal  is  in  place,  McQellan  AFB  staff  have  decided  to 
perforate  and  seal  the  Triax  Hole  throughout  its  entire  depth.  The  approach  will  be  as 
described  in  the  Report,  with  grout  applied  in  stages  under  pressure  from  the  bottom 
to  within  about  5  feet  of  the  ground  surface.  The  casing  will  then  be  cut,  the  cement 
allowed  to  overflow  the  casing  and  form  a  plug,  and  the  hole  backfilled  with  dirt. 
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Seismic  Well 


The  seismic  well  was  also  given  an  acoustic  bond  survey  as  a  preliminary  activity. 
However,  results  for  this  well  indicated  that  the  cement  seal  was  in  good  condition. 
Therefore,  decommissioning  will  be  as  described  in  the  Report,  that  is,  a  sand/cement 
slurry  will  be  tremmied  into  the  weU  in  one  lift  from  bottom  to  top.  The  casing  will  be 
cut  about  5  feet  below  grade,  cement  allowed  to  overflow  the  casing  and  form  a  plug, 
and  the  hole  backfilled  with  dirt. 
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Appendix  A 

Response  to  Comments 
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RESPONSE  TO  COMMENTS 


SUBJECT:  Technical  Memorandum 

McQellan  AFB  Well  Abandonment  Phase  II 
Preliminary  Field  Activities 

REVIEWER:  Mark  Malinowski,  Department  of  Toxic  Substances  Control 
DATE:  October  1,  1993 


Comment:  Base  Well  13.  Given  the  fragile  nature  of  the  lower  section  of  BW-13,  the  Depart¬ 
ment  agrees  with  the  proposal  to  use  a  low  viscosity  cement  However,  the  proposal  to  perfo¬ 
rate  frvm  80  feet  to  170  feet  below  ground  surface  (BGS)  goes  counter  to  previous  verbal 
agreements  and  the  approved  grouting  procedures  specified  in  the  "Well  Closure  Methods  and 
Procedures"  woriqtlan.  The  workplan  specifies  that  grouting  intervals  will  be  done  in  lifts  "to 
a  minimum  of  no  more  than  50  feet"  (page  50,  paragraph  4).  Perforating  nearly  100  feet  and 
then  grouting  the  section  may  cause  a  recurrence  of  wiiat  happened  wlien  Base  Well  1  was 
decommissioned.  The  section  of  casing  from  80  to  170  feet  should  be  perforated  and  grouted 
with  a  minimum  of  two  lifts. 

Response:  It  was  feared  that  subjecting  the  casing  to  two  episodes  of  perforation  and  pres¬ 
sure-grouting  could  increase  the  risk  of  casing  damage  or  coUapse.  Although  the  television 
survey  did  not  show  any  obvious  signs  of  deterioration  in  the  casing  in  the  upper  depth  inter¬ 
val,  the  poor  condition  of  the  casing  at  greater  depth  increases  the  risk  that  hidden  problems 
may  exist  in  the  upper  interval  as  well.  However,  the  text  has  been  modified  to  specify  that 
the  casing  from  80  to  170  feet  BGS  will  be  perforated  and  grouted  with  a  minimum  of  two 
lifts. 

Comment:  Base  Wells  17,  20,  and  28.  Line  four  says  that  the  "lengthy  intervals  will  not 
necessarity  be  grouted  in  one  lift."  Again,  the  Department  and  McAFB  have  i^reed  that  lifts 
will  not  exceed  50  feet  The  85-200  foot  BGS  proposed  perforated  interval  for  BW-17  and  the 
385-485  foot  BGS  interval  for  BW-20  should  be  completed  with  a  minimum  of  two  lifts. 

Response:  It  was  never  intended  that  lifts  should  exceed  SO  feet  in  these  wells.  The  text  has 
been  modified  to  remove  the  confusing  language  and  clearly  state  that  lifts  will  not  intentional¬ 
ly  exceed  50  feet. 
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BUDGET  ESTIMATE/TECHNICAL  PROPOSAL 

FOR 

HORIZONTAL  EXTRACTION  WELLS 
AT 

MCCLELLAN  AIR  FORCE  BASE  -  SACRAMENTO.  CA 

SUBMITTED  TO: 

CH2M  HILL 
BY: 

DRILEX  SYSTEMS.  INC. 


NOVEMBER  4.  1993 


DRILEX  SYSTEMS,  INC. 


November  2,  1993 


’5151  Sommermeyer 
Houston,  Texas  77041 
P  0.  Box  801 114.  77280-1114 
Tel  (7131937-8888 
Fax  1713)849-2390 


Mr  Umesh  Lalwani 
CH2M  Hill 

2525  Airpark  Drive 

Redding,  California  96049-2478 

RE:  Horizontal  Extraction  Well 

McClellan  Air  Force  Base  -  Sacramento.  CA 

Dear  Mr.  Lalwani: 

Drilex  Systems.  Inc.  respectfully  submits  the  following  Budget 
Estimate/Technical  Proposal  for  the  above  referenced  site. 

The  estimate  is  based  on  the  installation  of  one  well  and  the 
mobilization  of  the  drilling  equipment  from  Houston,  Texas.  The 
mobilization/demobilization  cost  will  change  based  on  the  final 
number  of  wells  and  the  travel  distance.  If  additional  wells  are 
added  to  the  project,  the  mobilization  costs  will  have  a  smaller 
impact  on  the  overall  project  cost. 

This  estimate  should  be  used  as  a  "ballpark"  cost  only.  A  more 
detailed  proposal  will  be  submitted  after  the  final  project 
parameters  are  determined. 

Thank  you  for  the  opportunity  to  submit  an  estimate  for  this  project. 
If  you  have  any  questions  or  require  additional  information,  please 
call. 

Sincerely, 

David  S.  Bardsley 
Geotogist/Project  Manager 

DSB/ccc 

Quotation  Numbar  10096-ENV 


A  Subsidiary  of  Masco  industries,  inc 
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SECTION  I 


DRILEX  ENVIRONMENTAL  SERVICES  RIG 


The  DSI  140  horizontal  drill  rig  was  designed  with  several  key  factors  in  mind.  Paramount  in  its 
conception  is  the  ability  to  provide  a  mud  rotary  drilling  system  while  keeping  the  rig  site 
protected  from  the  inherent  spilling  of  mud  during  normal  operations.  Secondly,  the  rig  is 
designed  to  be  totally  self-sufficient  with  the  exception  of  water  for  mixing  drilling  fluid.  Finally, 
the  rig  is  engineered  with  enough  power  and  versatility  to  complete  wells  from  a  true  vertical 
depth  of  10'  to  250'. 

The  rig  is  constructed  on  four  truck  trailers  that  are  non-permit  loads.  It  is  designed  to  pull  up 
on  location  and  be  rigged  up  for  drilling  in  a  matter  of  hours.  A  normal  location  pad  would 
require  only  an  area  of  approximately  50  x  100  ft.  A  functional  description  of  the  operating 
components  of  the  rig  follows: 

PRULING  niQ  TRAIUER 

The  actual  drilling  operations  are  accomplished  with  the  diesel/hydraulic  power 
unit.  All  push,  pull,  pipe  makeup/breakout  and  entry  angle  functions  are  on  the 
trailer  and  controlled  at  the  driller's  console  (on  the  pipe  handling  trailer). 
Additionally,  the  rig  has  pollution  pans  installed  to  capture  any  drilling  fluids  that 
may  escape  during  pipe  connections.  Other  features  of  this  trailer  are  the 
wireline  steering  tool  connections  for  directional  drilling  monitoring,  air  purge 
system,  water  washdown  system  and  a  high  pressure,  hot  water  washer  with 
100'  hose. 

PIPE  HANDLING/DRILLER  CONTROL  TRAILER 

This  trailer  has  an  air  conditioned  driller  control  enclosure,  hydraulic  crane,  and 
drill  pipe  transport  trays.  The  driller's  control  cabin  has  all  controls  necessary 
for  the  monitoring  and  control  of  drilling  operations.  Hydraulic  functions  on  the 
drilling  rig  trailer  are  controlled  by  the  driller  through  12  volt  electrical  sensors 
in  the  control  panel.  The  steering  tool  connection  from  the  downhole 
instrument  is  located  next  to  the  driller's  console  for  close  communication  with 
the  directional  driller.  AH  communications  with  the  crew  are  carried  out  with 
individual  wireless  headsets  to  minimize  miscommunications.  The  hydraulic  crane 
is  mounted  directly  aft  of  the  control  cabin  and  can  be  operated  manually  or 
with  a  remote  control  umbilical  cord.  The  pipe  racks  are  designed  such  that  any 
driHing  fluid  that  may  drain  is  captured  and  controlled  with  pollution  pans.  The 
driller  can  also  control  the  mud  circulation  pump  at  his  consoie. 

QRILLIMQ  FLUIDS  RECIRCULATION  TRAILER 

The  major  components  of  this  triuler  are  a  5000  gallon  capacity  mud  system 
separate  into  5  tanks,  two  solids  separation  cycles  to  ensure  clean  fluids  are 
pumped  downhole,  a  diesel-powered  triplex  mud  pump  capable  of  over  400 
gallons  per  minute  and  a  mud  mixing  hopper.  The  solids  removal  system  includes 
both  a  shale  shaker  and  a  deeander/desilter.  Centrifugal  pumps  circulate 
drilling  fluid  returns  through  the  mud  cleaners  three  times  before  being  pumped 
back  dowftiole.  Solids  removed  from  the  driHing  fluid  are  diverted  into  a 
container  or  roH  off  on  the  ground  next  to  the  trailer.  Drilling  fluids  returning 
to  the  surface  are  diverted  through  a  conductor  pipe  to  a  mud  pan  on  the 
surface.  This  mud  is  then  lifted  to  the  shale  shaker  by  a  hydraulically  powered 
centrifugiH  pump.  The  abHity  to  dean  and  recirculate  drilling  fluids  keeps  the 


volume  of  drilling  fluids  needed  to  minimum. 


AUXILIARY  TRAILER 

This  unit  houses  a  diesel-powered  175KW  generator,  a  large  20  hp  air.  75  cfm 
at  120  psi  compressor  and  the  rig  workshop  with  spare  parts.  A  150'  umbilical 
cord  enables  this  trailer  to  be  placed  remote  from  the  drilling  units  allowing  a 
compact  rig  site.  Electricity  and  air  are  distributed  to  all  other  trailers  from 
this  unit. 

GR£W  TRUCK 

The  six  man  craw  travels  to  location  daily  in  a  support  vehicle.  This  truck  has 
additional  tool  boxes  and  a  100  gallon  diesel  tank  for  fueling  the  rig.  Utilizing 
our  pickup  to  transport  fuel  keeps  the  amount  of  fuel  on  location  to  a  minimum. 

Actual  rig  specifications  are  outlined  on  the  following  pages  of  this  section. 


PROPOSED  RIG  SITE  SETUP 


Orilex  proposes  entering  the  ground  at  an  angle  14°  above  horizontal.  This  angle  will  provide 
for  safe  working  conditions,  higher  success  rate  in  our  objectives  and  a  convenient  borehole 
accessibility  for  future  use. 

The  exact  layout  of  the  site  and  rig  pad  will  have  to  be  determined  once  an  actual  survey  is 
conducted. 

The  location  of  the  bore  entry  point  will  be  approximately  474  ft.  from  the  horizontal  section. 
Overview 

Drilex  Environmental  Services  intends  to  perform  all  work  on  this  project  within  the  limitations 
set  by  CH2M  Hill.  All  well  construction,  location  preparation  and  rig  and  equipment 
decontamination  will  conform  to  the  final  specifications  as  agreed.  All  safety  requirements  will 
be  followed.  To  irtsure  complete  compliance  with  site  regulations,  we  request  a  safety 
inspection  of  our  rig  site  prior  to  commencing  work. 

The  following  detailed  drilling  plan  is  based  on  these  criteria: 

•  We  wUi  use  a  2*7/8"  pilot  string  with  5*  drill  pipe  for  washover  technique  to 

enable  more  accurate  placement  of  the  borehole. 

•  We  will  be  drillirtg  with  a  D237  (2*3/8*  O.D.)  DRILEX  PosKive  Displacement 

(Mud)  Motor  with  a  3*1/2"  O.D.  drag  bit,  if  motors  are  required. 

Surtaca  Conductor  Hole 

The  initial  entry  into  the  ground  will  be  driHed  with  20*  O.D.  auger.  We  will  install  a  20'  section 
of  16"  HDPE  conductor  casing  to  5  *  7  ft.  true  vertical  depth  (TVD)  and  cement  in  place.  A 
mud  diverter  will  be  placed  at  the  ojien  erxf  of  the  surface  casing  to  control  and  direct  mud 
returns  to  the  mud  pan.  The  mud  returns  are  pumped  to  circulation  system  trailer  by  means 
of  a  hydraulically  powered  centrifugal  pump. 

Intermediate  Casing  through  the  Build  Section 

After  surface  casing  is  installed  and  grouted,  a  bit  will  be  run  in  the  surface  casing  to  drill  out 
any  cement  in  the  bottom  of  the  hole.  The  intermediate  section  will  then  be  drilled  with  a  2* 

7/8*  drillstring  with  a  motor  assembly.  The  motor  assembly  wHI  allow  accurate  placement  of 

the  borehole  while  minimizing  mud  flow  rates.  The  pilot  string  will  be  directionally  controlled 
with  a  three  axis  magnetic  steering  tool  that  gives  constant  directional  information  to  the 
driller's  console.  A  True  Tracker  system  will  be  used  as  a  second  means  of  verifying  the 
wellbore  placement. 

The  hole  wHI  be  drilled  according  to  plan  with  true  vertical  depth  of  100'. 

Once  the  pilot  hole  is  drilled  up  to  3*1/2"  O.D.,  the  wash  pipe  will  be  concentrically  rotated  in 
the  buHd  section  to  open  the  hole  to  a  diameter  of.  14*3/4".  After  opening,  the  hole,  the  5* 
drill  pipe  will  be  laid  down,  leaving  the  2*7/8"  drill  pipe  as  a  guide  to  run  10.75*  HDPE.  The 


casing  will  be  cemented  in  place  throughout  the  build  section. 

Horizontal  Section 

After  the  cement  has  set  up  we  will  then  pickup  the  5”  drill  pipe  and  a  6-3/4”  O.D.  ORILEX 
Mud  Motor  fully  stabilized  with  a  9-3/4”  0.0.  bit  to  drill  out  the  cement.  This  configuration  will 
allow  for  a  smooth  transition  from  the  casing  in  the  build  section  to  the  slotted  liner  in  the 
horizontal  section.  We  will  pull  out  of  the  hole  to  lay  down  the  6-3/4*  motor.  We  will  continue 
with  pilot  string/washover  technique  through  the  500'  horizontal  section.  Particular 

attention  will  be  paid  to  the  mud  properties  to  ensure  good  hole  stability  and  cuttings  removal. 
We  will  have  onsite  a  Bariod  miniature  mud  lab,  methylene  blue  test  kit,  mud  balance  kit,  Marsh 
funnel  kit,  sand  content  percent  by  volume  kit  and  retort  kit  with  competent  personnel  to 

maintain  specific  chemical  and  mechanical  properties  of  the  drilling  fluids.  With  the  pilot  string 
in  place,  the  5”  drill  pipe  with  a  9-3/4”  washover  bit  will  be  concentrically  rotated  in  the 

horizontal  section  to  open  the  hole  for  running  the  screen  then  both  strings  of  pipe  will  be 

removed.  With  the  hole  opened  to  9-3/4”  dicsneter,  500'  section  of  prepacked  HOPE  pipe  will 
be  pushed  to  bottom  using  the  2-7/8”  drill  pipe  to  provide  the  pushing  force. 

The  2-7/8”  drill  pipe  will  then  be  used  to  dean  out  any  wall  cake  and  drculated  the  HOPE 
screen  dean. 

Final  Decontamination 

Rnal  decontamination  will  be  performed  prior  to  demobilizing  from  the  base.  Final 

decontamination  of  equipment  shall  indude,  but  not  be  limited  to,  the  drifl  rig,  drill  rods,  drill 
bets,  threads,  casing,  sampling  equipment  and  ail  other  tools  that  might  have  been 
contaminated  during  the  work. 


SECTION 


CH2M  HILL 

MCCLELLAN  A.F.B.  -  HORIZONTAL  EXTRACTION  WELL 


Mobilization/Demobiiization 

A.  Drill  Rig 

B.  Pipe  Trailer 

C.  Mud  System 

D.  Generator  Trailer 

E.  Support  Truck 

F.  Steam  Cleaner 

G.  Well  Materials 

H.  Initial  and  Final  Decon 


Lump  Sum 

Drilling  and  Well  Construction 
974'  @$61. 00/ft. 


Total  Drilling 


$  56,672.00 

$  59,414.00 
$  59,414.00 


Materials 

A.  20’  - 1 6"  Steel  Conductor  Casing 

@  $32.00/ft. 

B.  476'  - 1 0  HOPE  Intermediate  Casing 

@$27.00/ft. 

C.  9-1 0-3/4"  X  1 4-3/4"  Centralizers 

@  $55.00  ea. 

D.  200  -  bags  Cement  @  $1 0.00  ea. 

E.  1 0  -  bags  Bentonite  Gel  @  $  1 2.00  ea. 

F.  505’  -  3.97"  I.D.  x  6.625"  O.D.  HDPE 

Prepacked  Screen  @  $59.00/ft. 

G.  1 0  -  6.625"  X  9-3/4"  Centralizers 

@  $45.00  ea. 

H.  1  -  4"  Locking  Cap  @  $50.00 

I.  2  -  HDPE  Heads  @  $300.00  ea. 

J.  1- Packer©  $250.00  ea. 


$  640.00 

$12,852.00 

$  495.00 

$  2,000.00 
$  120.00 

$29,795.00 

$  450.00 

$  50.00 

$  600.00 
$ _ 250.00 


Total  Materials  $  47,252.00 


Development 

1 2  hrs.  @  $3 50.00/hr.  $  4,200.00 


Total  Development 
Cuttings  &  Fluids  Handling 
Standby  0  hrs.  ©  $3 50.00/hr. 


$  4,200.00 

By  Others 
$  0.00 


Total  Estimate 


$167,538.00 


The  above  cost  is  based  on  the  following  assumptions: 


•  Permits  and  utility  clearances  will  be  obtained  by  others. 

•  The  work  will  be  performed  in  level  "D"  PPE. 

•  Rig  standby  will  be  charged  at  $3  50.00/hr. 

•  The  containment,  transport  and  disposal  of  all  cuttings  and  fluids, 
including  decon  and  development  water,  will  be  performed  by 
others.  All  disposal  of  potentially  contaminated  PPE  and  visquene 
will  be  provided  by  others. 

•  Estimated  cutting  and  fluids  volume: 

Drill  Cuttings 
Fluids 


38  yds 

22,000  gallons 


SECTION  III 


SECTION  IV 


VERTICAL  AND  HORIZONTAL  PRECISION 


The  vertical  accuracy  of  the  specified  well  will  be  2'  from  the  target  depth.  The 
horizontal  accuracy  will  be  +/•  2“  from  the  target.  The  horizontal  and  vertical 
precision  will  be  verified  through  subsurface  and  surface  measurements  obtained 
utilizing  a  steering  tool  system. 

Two  tracking  systems  will  be  utilized.  One  system  will  consist  of  a  downhole  steering 
tool  system.  The  secondary  system  will  utilize  the  existing  downhole  tools  as  well  as  a 
surface  system. 

The  downhole  steering  tool  system  consists  of  four  components: 

Probe: 

The  probe  consists  of  magnetic  and  gravitational  sensors,  digitizing  circuitry, 
modulating  circuitry  and  control  circuitry.  The  probe  is  placed  above  the  bit  or  motor, 
in  a  non-magnetic  drill  collar.  Once  the  probe  is  saewed  into  the  collar,  it  cannot  be 
removed  without  the  tools  being  brought  to  the  surface.  When  the  probe  unit  is 
powered,  up,  continuous  transmission  of  raw  date  is  sent  through  the  12  volt  wire 
leading  to  the  interface  unit. 

Interface  Unit: 

The  interface  unit  contains  the  power  control,  demodulating  and  interface  circuitry. 
The  unit  sends  power  to  the  probe.  Signals  sent  from  the  probe  are  demodulated  by 
the  interface  unit  and  sent  to  the  computer.  The  computer  interprets  the  data  and 
sends  the  information  to  the  drillers  console  via  the  interface  unit. 

Computer: 

The  unit  is  an  IBM  oompatibie  386  computer  witti  a  minimum  of  640K  of  memory,  serial 
and  parallel  port.  The  computer  receives  data  from  the  interface  unit,  interprets  the 
data  and  sends  the  information  to  the  drillers  console  via  the  interface  unit. 


Printer: 

The  printer  is  a  parallel  unit  which  prints  a  "hard  copy”  of  the  directional  data. 

The  surface  tracking  system  will  utilize  the  components  desaibed  above  as  well  as  the 
following: 

miai 

No.  8  or  6  wire  is  used  to  create  a  box  or  coil  of  wire  at  the  surface. 

DC  Power  Unit: 

A  DC  power  unit  is  connected  to  coil  and  a  current  is  induced  into  the  ground.  The 
steering  tool  probe  will  "read"  the  current  and  send  the  information  to  the  computer 
and  interface  unit  for  interpretation.  Accurate  survey  information  is  required 
(elevation  and  distance)  for  the  surface  system  to  be  accurate. 


SECTION  V 


Mud  Program 


Orilex  Systems,  Inc.  plans  to  use  the  following 
drilling  fluids  with  these  properties; 

Marsh  Funnel 
Weight 
Water  Loss 
PV 
VP 

Solids  %  by  Volume 

PH 

Gels 

Sand 


products  on  an  as  needed  basis  to  maintain 


45  -  60 
8  6  #/gal. 

<  7  ML/30  min. 

25  -  45  cp 

5  -  10  cp 

<  2  % 

9.0  -  8.5 

20  int.  10  min  20  loo  ft.  ^ 
<  1% 


Proposed  additives  to  maintain  wellbore  stability  and  minimum  fluid  loss; 


Inorganic 

Inorganic 

Organic  (Sodium  Carboxymethyl  Starch) 
(NaH12C807) 


No  Residuals 


Beta  Plus 
Alpha  Plus 
CMS 

Gel  Gold  Seal 


Orilex  Systems.  Inc.  understands  the  successful  completion  of  this  well  will  be  directly  related 
to  drilling  fluid  control.  We  have  designed  a  fluid  handling  system  specifically  for  horizontal 
drilling  applications. 

The  volume  of  the  system  is  5000  gallons.  The  solids  removal  equipment  consists  of  both  a 
shale  shaker  and  desanding/desilting  cones.  Drilling  mud  is  circulated  through  the  solids 
removal  equipment  three  times  before  being  pumped  downhole.  AH  removed  solids  are  diverted 
into  roll  off  containers  or  bins. 


In  addition  to  the  mechanical  mud  system,  one  crew  members  only  responsibility  is  to  insure  the 
mud  properties  are  correct  and  that  the  system  is  functioning  property. 


^.AMERICAN 

- ^Adibectional 

DIMOO /DD-140 
Directional  drills 
that  you  can  keep 
busy  year-round 


Feature  List 

C  Trailer  mounted  rig  arranged  for  backing  into 
site;  eliminates  lifting  and  hookup  beside 
entrance  pit 

G  Self-erecting.  Hydraulic  cylinders  raise  rig  to 
exact  entry  angle 

c  Rack  and  pinion  design  for  rugged, 
dependable  and  positive  carriage  drive 

C  Fully  hydraulic  wrench  ahd  fixed  damp  for 
pipe  makeup  and  breakout 

□  Adjustable  quartz  floodlights  on  wrench  and 
carriage 

G  Wire  gland  and  commutator  for  use  with  state- 
of-the-art  downhole  instrumentation. 

G  Rig  fitted  with  full  length,  non-skid  walkways 
with  handrail. 

G  carriage  travel  length  to  handle  30  foot  f9.imi 
pipe  lengths. 

G  Heavy-duty  roller  bearihgs  to  withstand  thrust 
ahd  pullback  forces  incorporated  into  rotary 
drive  gearbox. 

G  All  hydraulic  hoses  ahd  cable  to  the  moving 
drill  carriage  enclosed  in  rolling  type  carrier 

G  Made  in  the  USA 

Operators  console  featuring  optional  digital  readout  displays 


DD^ao  vyith  optional  drillers  cabin. 


DIM00/DIM40 

The  smalest  of  the  big  rigs 


Only  American  Directional  Drill  offers  a  fully  hyarauilc  Operators  console  with  pressure  gauges 

wrench /Clamp  assembly  featuring  operator  aojustabie  as  stanoara  eauipment 

pressure  settings 


The  American  Directional  Drill  DD-100  and 
DD^40  are  the  smallest  of  the  big  rigs  and 
are  designed  to  do  the  majorltv  of  the 
crossings  being  designed  and  bid  in  today? 
growing  market  The  rigs  are  barticulariv 
equipped  to  handle  crossings  of  less  than 
3,000  feet  in  length  and  with  less  than 
24-inch  diameter  product  lines 

The  DO-100  and  OD-140  are  directional  drills 
you  can  keep  busy  year-round  —  no  more 
waiting  on  the  'big  jobs’  to  bid.  Both  rigs 
are  capable  of  larger  diameters  for  short 
runs  however,  in  fact  a  DD-140  drilled  and 
reamed  a  48-inch  hole  and  pulled  a  36-inch 
gas  line  600  feet  under  the  Trans-Canada 
Highway. 

The  rack  and  pinion  design  of  the  drill 
carriage  eliminates  the  need  for  chains 
cables  or  cylinders  There?  power  to  spare 
without  sacrificing  precision  for  high-speed 
rotary  drilling  in  hard  rock  formations 
Sensitive  turntable  controls  allow  the 


precise  rotation  needed  to  set  the 
direction  of  the  down  hole  navigation 
instruments 

Pipe  make  up  and  breakout  is  easy  work 
with  the  fully  hydraulic  wrench  and  fixed 
clamp  assembly.  The  wrench  and  fixed 
clamp  separate  8”  to  allow  easy  lineup  of 
the  tool  joint  in  the  clamps  The  optional 
mud  pump  system  gives  you  a  compaa 
drilling  package  on  a  single  trailer  for 
mobility  and  fast  set-up. 

Visit  our  Wooster;  Ohio  plant  anytime  You'il 
see  rigs  under  construCTion,  talk  to  our 
engineering  staff  and  see  blueprints  com¬ 
ponents  and  parts  operators  manuals  and 
our  technical  support  department  With 
rigs  in  service  around  the  world,  we  have 
the  knowledge  and  experience  to  keep 
you  drilling. 

American  Directional  Drill;  The  worlds 
Foremost  Manufacturer  of  Directional  Drills' 


AMBIICAN  DIRECTIONAL  DRILL 

SPECIRCATIONS  oimoo  dim40 

omiing  TOrquB  -  4  Spccd/ibrque  Ranges 

Lo  Range  -  Maximum  lorque 

Lo  Range  -  Maximum  Speed 

20,000  Ft-LbS  127,120  N-m) 

23  RPM 

25,000  Ft-LbS  (33,900  N-mi 

21  RPM 

Mid-LO  Range  -  Maximum  Torque 

Mid-LO  Range  -  Maximum  Speed 

11,500  Ft-LbS  iiS.SOON-mi 

40  RPM 

12,000  Ft-LbS  116.270  N-mi 

44  RPM 

Mid-Hi  Range  •  Maximum  TOrque 

Mid-Hi  Range  -  Maximum  Speed 

5,900  Ft-LbS  ia.000  N-m) 

85  RPM 

7,500  Ft-LbS  (10,170  N-m) 

70  RPM 

Hi  Range  -  Maximum  Torque 

Hi  Range  -  Maximum  Speed 

3,300  Ft-LbS  i4.47SN-m) 

135  RPM 

3,600  Ft-LbS  (4.880  N-m) 

140  RPM 

oriiilng  Carriage  Drive  -  Force/Speed  Ranges 

Lo  Range  •  Maximum  Thrust  or  Puiiback 

Lo  Range  -  Maximum  speed 

100,000  Lb /445iir/v; 

30  Ft  Per  Min  m.i  m) 

140,000  Lb  (623  kN) 

25  Ft  per  Min  (7.6 m) 

Hi  Range  -  Maximum  Thrust  or  Pullback 

Hi  Range  -  Maximum  Speed 

30,000  Lb  (133  KN) 

100  Ft  perMinrjo.snw 

28.000  Lb  (124  kN) 

125  Ft  per  Min  (38.1  mi 

Drill  Angie: 

includes  Hydraulic  Lifting  and  Pinned  Outriggers 

10  to  18  Degrees 

10  to  25  Degrees 

wrench /Fixed  Clamp  Assembly 

Maximum  Breakout  TOrque 

Maximum  Makeup  Torque 

Clamps  Crip  Range 

49,000  Ft-LbS  166.400  N-m) 
35,000  Ft-LbS  147.500  N-m) 
2V4'’  to  7\"  QD.  (70-  180mm) 

70,000  Ft-LbS  (95.000  N-m) 
40,000  Ft-LbS  (54.200  N-m) 
2Vt''  to  12*4"  O.D.  (70 -315  mm) 

Power  Source 

Engines 

175  HP  (131  kW)  Diesel 

250  HP  (187 kW)  Diesel 
Optional 

250  HP  (187  kW)  Diesel 

Pumps 

2  Hydrostatic  Drive  Pumps 

1  Each  for  Drill  TOrque  and  for  Thrust/ Pullback 

1  Pressure  compensated  Piston  Pump  for 

Pipe  Joint  Clamping  and  Wrench  Functions 

Gear  Pumps  as  required  for  Auxiliary  Functions 

Hydraulic  Oil  Cooler  in  Front  of  Engine  Radiator 

Note:  While  accurate  at  oubilcation.  all  specifications  are  subjea  to  change  without  notice  or  oDiigation  to  retrofit  units. 
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TECHNICAL  MEMORANDUM  Q 


CtQMHlLL 


PREPARED  FOR:  McClellan  Air  Force  Base 

DATE:  June  9,  1994 

SUBJECT:  Evaluation  of  End-Use  Options 

Groundwater  OU  RI/FS  Report 
Delivery  Order  No.  5066 

PROJECT:  SAC28722.66.FS 


Purpose  and  Scope 

This  technical  memorandum  develops  and  evaluates  several  potential  end-use  options 
and  recommends  two  end-use  systems  that  would  provide  a  beneficial  use  for  treated 
groundwater  from  McClellan  Air  Force  Base  (McClellan  AFB).  One  of  these  end- 
use  systems  will  be  included  as  part  of  the  remedial  actions  that  will  be  implemented 
to  reduce  the  cost  and  duration  of  clean  up  of  the  contaminated  groundwater.  The 
remedial  action  will  consist  of  a  groundwater  extraction  system,  a  treatment  system, 
and  an  end-use  system. 

This  technical  memorandum  covers  background  information  on  the  existing  end-use 
system,  treated  groundwater  characteristics,  end-use  screening,  development  of  four 
end-use  options,  and  implementation  of  two  recommended  end-use  systems.  The 
end-use  options,  consisting  of  the  existing  greywater  system,  selling  to  neighboring 
water  utilities,  onsite  groundwater  recharge,  and  discharging  to  Magpie  Creek,  are 
developed  in  detail  and  include  site  descriptions,  water  usage,  facilities  required,  and 
institutional  issues.  The  four  end-use  options  become  components  of  the  recom¬ 
mended  end-use  systems.  The  development  of  the  two  recommended  end-use  sys¬ 
tems  includes  order-of-magnitude  capital  and  annual  cost  estimates  without  contin¬ 
gencies  or  allowances. 


Background 

McQellan  AFB  has  been  operating  a  groundwater  extraction  system  and  treatment 
plant  on  the  west  side  of  McQellan  AFB  since  1985.  The  treatment  process  includes 
air  stripping,  heat  exchangers,  and  granular  activated  carbon  to  remediate  approxi¬ 
mately  200  gallons  per  minute  (gpm)  of  contaminated  groundwater.  The  primary 
groundwater  contaminants  are  volatile  organic  compounds  (VOCs)  with  the  main 
contaminant  being  trichloroethene  (TCE). 
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The  effluent  from  the  treatment  plant  is  currently  discharged  into  Magpie  Creek. 
The  discharge  is  regulated  by  National  Pollutant  Discharge  Eliminating  System 
(NPDES)  Permit  No.  CA0081850  issued  by  the  California  Regional  Water  Quality 
Control  Board  (RWQCB),  Central  Valley  Region  Order  No.  91-171.  The  permit 
requires  that  the  treated  water  quality  meet  nondetectible  levels  for  pesticides  and 
VOCs,  except  that  acetone  should  not  exceed  1  mg/1,  methylethyl  ketone  should  not 
exceed  1  m^,  and  methylisobutyl  ketone  should  not  exceed  1  mg/1. 


Treated  Groundwater  Characteristics 

In  this  technical  memorandum  it  has  been  assumed  that  the  water  quality  standards 
applied  to  the  discharge  of  the  existing  groundwater  treatment  plant  will  be  applied  to 
the  water  treated  in  this  remedial  investigation/feasibility  study  (RI/FS). 

The  flow  rates  of  the  treated  groundwater  will  vary,  depending  on  the  extent  of 
groundwater  contaminant  removal  and  the  treatment  plant  locations.  For  this  evalua¬ 
tion,  the  following  four  flow  rate  scenarios  were  developed  to  account  for  the  range 
of  flows  associated  with  the  background  target  volume,  risk  target  volume,  and  MCL 
target  volume  developed  in  Appendix  J. 

•  Scenario  No.  1--Lx)w  flow  at  the  east  treatment  unit  of  400  gpm  or 
640  acre-feet  (ac-ft)  per  year. 

•  Scenario  No.  2 -High  flow  at  the  east  treatment  unit  of  720  gpm  or 
1,160  ac-ft  per  year. 

•  Scenario  No.  3— Lx)w  flow  at  the  west  treatment  unit  of  600  gpm  or 
960  ac-ft  per  year. 

•  Scenario  No.  4— High  flow  at  the  west  treatment  unit  of  1,600  gpm  or 
2,560  ac-ft  per  year. 

These  flow  rate  scenarios  provide  the  basis  for  developing  facility  requirements  and 
estimating  capital  and  annual  costs. 


End’Use  Screening 

The  end-use  options  that  were  suggested  by  McQellan  AFB,  the  regulatory  agencies, 
CH2M  HELL,  or  outside  groups  were  screened  to  limit  the  number  of  possible  end 
uses  for  detailed  evaluation.  This  section  presents  the  end-use  screening  criteria,  the 
initial  screening  of  end-use  options,  and  the  final  screening  of  end-use  options. 

Screening  Criteria 

Table  Q-1  presents  the  screening  criteria  and  their  measurable  factors. 
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Table  Q-1 

End-Use  Option  Screening  Criteria 

Threshold  Screening 
(Step  1) 

Additional  Screening 
(Step  2) 

Criteria 

Measurable  Factor 

Criteria 

Measurable  Factor 

Applicability 

1.  Meets  the  RWQCB 
definition  of  Benefi¬ 
cial  Use 

2.  Located  within  a 

S-tnile  radius  of 
McClellan  AFB 

Effectiveness 

1.  Ability  to  handle  1,000  to 
3,0(X)  gpm  flow  variation 

2.  Ability  to  have  minimum 
storage  (i.e.,  1,600  gpm 
for  1  day  is  2.5  MG)  or 
no  storage 

Robustness 

1.  Ability  to  take  treated 
water  year  round 

2.  Ability  to  have  a  backup 
system  or  hook  into  a 
backup  system 

Implementability 

1.  Cost-effective  in  terms  of 
capital  and  annual  costs 

2.  Permitting  issues  are  not 
limiting 

3.  Water  quality  desired  is 
achievable  by  treatment 
systems  being  investigated 

4.  Ability  to  be  constructed 
given  physical  and  utility 
constraints 

Screening  Process 

The  screening  process,  which  included  the  presentation  of  the  screening  criteria,  dis¬ 
cussion  of  possible  end  uses,  and  the  implication  of  these  end  uses  involved  two  work¬ 
shops.  Initial  screening  took  place  at  the  August  10,  1993,  Contaminated  Ground- 
water  Qeanup  Workshop.  Final  screening  took  place  at  the  August  25,  1993  Alterna¬ 
tives  Development  Workshop. 

Initial  Screemng 

Initial  screening  of  the  end-use  options  occurred  at  the  August  10,  1993  Contaminated 
Groundwater  Cleanup  Workshop.  Participants  included  McClellan  AFB,  CH2M 
HILL,  Radian  Corporation,  Mitre,  and  neighboring  water  utilities  including 
Sacramento  County,  Caltrans,  Rio  Linda  Water  District,  Sacramento  Metropolitan 
Water  Authority,  Arcade  Water  District,  Citizens  Utihties,  City  of  Sacramento, 
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Northridge  Water  District,  and  Natomas  Central  Mutual  Water  District.  The  follow¬ 
ing  end-use  options  were  discussed  with  the  results  in  parenthesis: 

1.  Onsite  Groundwater  Injection  — Has  potential;  however,  it  may  push  contam¬ 
ination  offsite  into  production  wells,  and  it  may  split  a  contaminated  plume. 
(Carried  forward.) 

2.  Offsite  Groundwater  Injection— Would  be  hard  for  McClellan  AFB  to  manage, 
and  conveyance  costs  would  be  high.  (Dropped.) 

3.  Discharge  to  Magpie  Creek— Has  potential;  however,  it  may  create  a  riparian 
habitat  that  McClellan  AFB  would  have  to  maintain  after  groundwater  cleanup 
had  ended.  (Carried  forward.) 

4.  Recharge  Basins— Probably  not  feasible  due  to  a  hardpan  under  most  of 
McClellan  AFB.  (Dropped.) 

5.  Discharge  to  Sacramento  Regional  Public  Owned  Treatment  Works  (POTW)- 
In  the  area  around  McClellan  AFB,  the  existing  sanitary  sewerlines  are  near 
capacity  and  this  option  would  not  present  a  beneficial  use  in  the  opinions  of 
the  attendees.  (Dropped.) 

6.  Discharge  to  Local  Golf  Courses— Perhaps  feasible;  however,  it  would  be  a 
seasonal  usage  with  high  summer  demand  and  no  winter  demand.  (Dropped.) 

7.  Discharge  to  McClellan  AFB  Existing  Greywater  System— System  has  a  limited 
capacity;  however,  McClellan  AFB  is  interested  in  reusing  as  much  as  possible. 
(Carried  forward.) 

8.  Sell  to  Neighboring  Water  Utilities— Arcade,  Rio  Linda,  Northridge,  and 
Citizens  Utilities  are  highly  interested  in  purchasing  the  treated  groundwater 
for  domestic  water  supply  provided  that  it  meets  safe  drinking  water  quality 
standards.  (Carried  forward.) 

Final  Screening 

Final  screening  took  place  at  the  August  25,  1993  Alternatives  Development 
Workshop.  Participants  included  McClellan  AFB,  U.S.  Environmental  Protection 
Agency  (EPA),  California  Department  of  Toxic  Substance  Control  (DTSC),  RWQCB, 
Clean  Sites,  CH2M  HILL,  Radian  Corporation,  Mitre,  City  of  Sacramento,  and  neigh¬ 
boring  water  utilities  including  Sacramento  County,  Caltrans,  Rio  Linda  Water 
Agency,  Sacramento  Metropolitan  Water  Authority,  and  Northridge  Water  District. 
The  discussions  resulted  in  the  following  two  end-use  systems  being  put  forward  as 
the  two  systems  of  choice: 

1.  S5rstem  1  would  convey  the  first  200  gpm  of  treated  groundwater  to  McClellan 
AFB  existing  greywater  system.  The  remaining  flow  would  be  sold  to  the 
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neighboring  water  districts.  In  the  event  of  maintenance  requirements,  the 
backup  system  would  discharge  the  treated  groundwater  to  Magpie  Creek. 

2.  System  2  would  convey  the  first  200  gpm  of  treated  groundwater  to  McClellan 
AFB  existing  greywater  system.  The  remaining  flow  would  be  injected  into  the 
groundwater  at  the  northeast  end  of  McClellan  AFB.  In  the  event  of 
maintenance  requirements,  the  backup  system  would  discharge  the  treated 
groundwater  to  Magpie  Creek. 

The  components  of  these  two  systems  are  discussed  separately  and  then  as  systems  in 
the  following  sections. 


Further  Development  of  End-Use  Options 

As  a  result  of  the  screening  effort,  the  end-use  options  that  were  more  completely 
developed  include:  (1)  existing  greywater  system;  (2)  sell  to  neighboring  water 
utilities;  (3)  onsite  groundwater  injection;  and  (4)  discharge  to  Magpie  Creek. 

Further  development  of  the  end-use  options  include  a  site  description,  water  usage, 
facilities  required,  and  institutional  issues. 

Water  usage  is  the  estimated  amount  of  water  expected  to  be  reused  by  implementing 
the  option.  Facilities  required  for  each  option  were  developed  using  the  following 
four  groundwater  pumping  scenarios:  (1)  East  Treatment  Unit  low  flow  at  400  gpm; 
(2)  East  Treatment  Unit  high  flow  at  720  gpm;  (3)  West  Treatment  Unit  low  flow  at 
600  gpm;  and  (4)  West  Treatment  Unit  hi^  flow  at  1,600  gpm.  Institutional  issues 
were  identified  through  the  screening  workshops. 

Pipeline  alignments  were  developed  for  each  end-use  option.  These  alignments  have 
been  field  checked  solely  for  general  constructability,  but  not  for  utility  interferences 
or  right-of-way  width.  It  should  be  expected  that  these  alignments  may  change  during 
preliminary  design  as  more  detailed  engineering  data  becomes  available. 

Option  1- Existing  Greywater  System 

McClellan  AFB  presently  uses  some  water  from  the  existing  groundwater  treatment 
plant  in  a  greywater  system.  The  greywater  system  consists  of  an  extensive  network 
of  piping  to  cooling  towers.  The  cooling  towers  are  located  on  building  roofs  and  are 
part  of  the  heating,  ventilation,  and  air  conditioning  units. 

Site  Description 

The  existing  greywater  system  was  originally  completed  in  1978  with  pipes  ranging 
fi'om  14-inch  to  1/2-inch  diameter.  Modifications  completed  in  the  spring  of  1993, 
including  a  250, 000-gallon  storage  tank  near  the  existing  groundwater  treatment  plant, 
have  been  made  that  should  allow  the  system  to  be  operable.  However,  a  pressure 
leak  test  still  has  to  be  made  by  McOellan  AFB  to  ensure  the  viability  of  the  older 


RDD10012BB6  WP5  (GW  Rl/FS) 


Q-5 


6/23/94 


pipes  and  appurtenances.  The  system  covers  much  of  McClellan  AFB  with  the 
exception  of  the  Northeast  corner.  The  system  is  connected  primarily  to  cooling 
towers  (approximately  22)  and  jet  engine  test  cells.  No  irrigation  use  is  planned  with 
this  system.  The  system  also  includes  a  discharge  point  to  Don  Julio  Creek  riparian 
area  near  Building  1205  off  of  Patrol  Road. 

Water  Usage 

The  system  has  not  been  used  to  date,  since  the  pressure  leak  test  is  still  needed,  so 
actual  flow  demand  with  this  system  is  unknown.  Personnel  at  McClellan  AFB 
believe  tne  system  can  handle  at  least  200  gpm.  A  flowmeter  located  at  the  storage 
tank  near  the  groundwater  treatment  plant  will  be  used  to  obtain  flowrates  and 
cumulative  flow  quantities. 

Facilities  Required 

The  reliability  of  the  existing  greywater  system  is  unknown.  Additional  facilities  to  be 
required  will  depend  on  the  status  of  the  existing  system.  An  extensive  pipe  network 
could  potentially  be  required. 

Since  developing  a  new  greywater  system  plan  is  beyond  the  scope  of  this  study,  the 
assumption  is  made  that  existing  known  operable  parts  of  the  system  will  be  used. 
This  assumption  limits  the  water  usage  to  approximately  200  gpm.  Only  water  from 
the  west  treatment  unit  site  will  be  used  for  the  greywater  system,  since  connections 
are  located  at  that  site. 

Facilities  required  for  this  option  are  listed  in  Table  Q-2  and  include  pipeline  and 
pumps.  The  assumption  was  made  that  approximately  400  feet  of  pipe  will  be 
required  to  connect  the  west  groundwater  treatment  unit  to  the  250,000-gallon  grey¬ 
water  storage  tank. 


Table  Q-2 

Facilities  Required  for  Greywater  System 


Groundwater  Pumping  Scenario  | 

East  Treatment  Unit 

West  Treatment  Unit 

Low  Flow 

High  Flow 

Flow 

Facilities 

(400  gpm) 

(720  gpm) 

(200  gpm) 

1.  Pipeline 

-  Diameter  (in) 

~ 

— 

6 

”  Length  (ft) 

- 

- 

400 

2.  Pump  Station 

“  D^ign  flow 

— 

— 

200 

-  Total  dynamic  head 

- 

— 

60 

-  Delivery  pressure 

- 

- 

5 

-  Motor  size 

” 

5 

RDD10012BB6.WP5  (GW  RI/FS) 


Q-6 


6/23/94 


Institutional  Issues 


There  are  two  main  issues  that  limit  the  desirability  of  this  end-use  option.  It  is  un¬ 
known  when  the  existing  greywater  system  will  be  operational,  and  the  existing  grey- 
water  system  is  unable  to  take  a  large  volume  of  treated  groundwater  on  a  continuous 
basis. 

Option  2— Sell  to  Neighboring  Water  Utilities 

This  end  use  option  involve  selling  treated  groundwater  to  neighboring  water  utilities. 
Four  water  purveyors  that  have  shown  an  interest  in  obtaining  this  water,  if  the  cost  is 
comparable  to  that  of  their  present  water  supply.  These  purveyors  include  Arcade 
Water  District,  Northridge  Water  District,  Rio  Linda  Water  District,  and  Citizens 
Utilities. 

Site  Description 

A  connection  to  Northridge  Water  District  was  selected  for  the  east  treatment  unit 
site  since  the  District  has  an  8-inch  and  a  20-inch  service  connection  that  are  already 
established  for  McClellan  AFB,  in  the  vicinity  of  the  proposed  east  treatment  unit 
site.  The  20-inch  service  connection  was  selected  for  the  east  treatment  unit  site.  A 
connection  to  Rio  Linda  Water  District’s  8-inch  water  mains  appeared  to  be  the  most 
economical  connection  for  the  west  treatment  unit  site. 

The  conveyance  pipeline  alignments  from  the  treatment  unit  sites  to  the  proposed 
connections  are  shown  in  Figure  Q-1. 

WcUer  Usage 

This  analysis  assumes  that  up  to  650  gpm  will  be  supplied  to  Northridge  Water 
District,  and  up  to  1,600  gpm  to  Rio  Linda  Water  District.  No  storage  is  required 
since  the  demand  from  both  Districts  is  much  greater  than  the  proposed  supply.  It  is 
assumed  that  all  available  water  could  be  used  by  the  Districts  on  an  as-generated 
basis.  From  discussions  with  the  Districts,  no  flow  equalization  will  be  required.  Rio 
Linda  Water  District  has  a  nearby  storage  tank  that  could  serve  for  flow  equalization. 
Northridge  Water  District  believes  that  it  could  install  a  small  tank  for  flow  equaliza¬ 
tion,  if  necessary. 

FaciUties  Required 

The  facilities  required  for  Northridge  Water  District  and  Rio  Linda  Water  District 
connections  are  presented  in  Table  Q-3  and  are  shown  in  Figure  Q-1.  The 
Northridge  Water  District  has  a  20-inch  service  connection  that  will  require  slight 
modifications.  Additional  facilities  required  for  the  Northridge  Water  District 
connection  will  include  approximately  1,600  feet  of  8-inch-diameter  pipe  for  low  flow 
scenario  and  approximately  1,600  feet  of  10-inch  pipe  for  the  high  flow  scenario. 
Pumping  systems  will  be  required  to  supply  pressurized  water  to  the  Districts.  Water 
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will  be  delivered  to  Northridge  Water  District  at  65  psi  and  52  psi  to  Rio  Linda 
Water  District,  since  that  is  the  pressure  of  their  systems  at  the  connection  points. 


Table  Q-3 

Facilities  Required  to  Sell  to  Neighboring  Water  Utilities 

Facilities 

Groundwater  Pumping  Scenario  || 

East  Treatment  Unit 

West  Treatment  Unit  || 

Low  Flow 
(400  gpm) 

High  Flow 
(720  gpm) 

Low  Flow 
(600  gpm) 

High  Flow 
(1,600  gpm) 

1.  Pipeline 

-  Diameter  (in) 

8 

10 

10 

12 

-  Length  (ft) 

1,600 

1,600 

7,100 

7,100 

2.  Pump  Stations 

-  Design  flow  (gpm) 

400 

650 

750 

-  Total  dynamic  head  (ft) 

170 

170 

185 

85 

"  Delivery  pressure  (psi) 

65 

65 

52 

52 

-  Motor  size  (hp) 

25 

40 

50 

110 

Major  features  of  the  pipeline  alignment  for  the  connection  to  Northridge  Water 
District  are  described  as  follows: 

•  Pipeline  routing  for  the  connection  to  Northridge  Water  District  begins 
at  the  east  treatment  unit  site  and  extends  about  300  feet  across  the  lot 
to  Dudley  Boulevard.  The  only  apparent  utility  interference  identified 
in  the  field  was  one  sanitary  sewer  line. 

•  The  alignment  then  turns  northeast  onto  Dudley  Boulevard.  This 
section  of  pipe  is  about  1,100  feet  long.  Dudley  Boulevard  is  a 
four-lane  street  with  heavy  traffic.  Overhead  power  lines  are 
several  feet  from  both  sides  of  the  pavement.  Sewer  and  water  pipe¬ 
lines  appear  to  be  on  the  north  side  of  the  road. 

•  A  90  degree  turn  south  is  taken  across  the  parking  lot  adjacent  to 
Magpie  Creek.  This  section  of  pipe  is  approximately  200  feet  long. 

The  Rio  Linda  Water  District  service  connection  will  require  approximately  7,100  feet 
of  10-inch-diameter  pipe  for  low  flow  and  approximately  7,100  feet  of  12-inch- 
diameter  pipe  for  high  flows.  The  connection  will  be  made  to  the  existing  8-inch 
water  main  on  the  comer  of  Ascot  and  20th  Streets. 

Major  features  of  the  pipeline  alignment  for  the  Rio  Linda  Water  District  connection 
are  described  in  the  following  paragraphs: 


RDD10012BB6.WP5  (GW  RI/FS) 


Q-8 


6/23/94 


T 


EXST  20"  MAIN-NORTHRIDGE  WD 


^H)"  .  .  -i- :.  s 


EXST  20"  SERVICE  Cbf<WECT10N- 
NORTHRIDGE  WD  \  \ 

CONVEYANCE  UINE  ‘B" 

^  EAST  treatment  UNIT 


vS' ,  ,  ■' 

' '  -  \-  'V  •  , 

.  ■  : 


V 


;  X  ;  ■.■ 

8"  ^RVICEt  CONNECTION- 


■  r-^<,  - . 

\V,y"' 

^1-*’. 7  '■■,  '  ^K-  ^  f*'  " 


.  /'7 

"  •*  'V:^'»‘*'4  ,  . 

T  -"V..  -..  • 


^  :^>approx^ate  .:r  .  f-r- :,, 

^.-  TREATMENT  '  /^LOCATION  OF  ^  ‘  -j-l./'  . 

^  ./,:;UNiT.-:t^^  .'-.^-..-greywater 
•  •  .  r-  'y  storage  tank  ^  •  = . 

'.''J?r— ’■  :,  ■>  j^  y}-: I A  ^  ^T" 

/  7*  hv.  Im  I  '  If  '  «  '  :.x'"  '*  AiV^  Ao/^i  ikir\%i#ATrol  c?i  r\\^i  r\ 


./.:yNiT-x\''» 


7'.  ;  '^'-7^ 

■  ?■*-'»'*  H  j‘V'  •  '■ 


,  AA-  :..||4 


«  ,11  .  ? .»  m 

,..«i  '  rii 


'K'  ftmoLmto  _vw  '*p5i^?!fef«WSI  -<1  r  *  .  •  .ihk  .  '  i.'S- i 

.,  '.'i.  ,'!■  ,. - ^_iOffijW!|^w.!S«C[i.jSe?^  ■ 

:ONVEYANCE  Vt  “  f  ,/.''  '  7  ^ve  g'7  ‘x  1^7  ,,  _3F 

JNE  "A"  — ^  :■''  ''  -  .A-  I*'  -  f  '  X  , 


-  XT'XJSSfei 


i.-f  -t^'  v,i ' 


•  CONNECTION, 


*.  "T  --i.  **i  jt„,' 

GROUNDWATER 

PUMPING 

FLOW 

RATE 

pireX 

DIAMETERS 

(’ncHesI:, 

SCENARIO 

(gpni) 

"A" 

L  - - 

EAST  UNIT 
LOW 

400 

■  -■' 

V./-  ■ 

8 

EAST  UNIT 
HIGH 

7  720 

- 

X) 

WEST  UNIT 
LOW 

600 

10 

~ 

WEST  UNIT 
HIGH 

1.600 

12 

- 

■i~ry  V 


SCALE  IN  FEET 
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•  The  pipeline  alignment  is  routed  for  approximately  1,300  feet  from  the 
west  treatment  unit  site  west  to  Patrol  Road  through  the  treatment  unit 
access  road.  The  pipe  then  follows  Patrol  Road  north  for  approxi¬ 
mately  4,400  feet.  Patrol  Road  consists  of  two  lanes,  with  water  lines 
on  the  west  edge  for  much  of  this  alignment.  Overhead  power  lines  are 
on  the  west  edge.  This  route  has  two  creek  crossings,  one  for  Magpie 
Creek  and  one  for  Don  Julio  Creek. 

•  The  pipe  takes  a  90  degree  turn  west  onto  Ascot  Avenue  and  follows 
Ascot  Avenue  for  approximately  1,400  feet  until  20th  Street. 

Ascot  Avenue  and  20th  Street  both  have  wide  shoulders  in  an  almost 
rural  setting  and  are  lightly  traveled.  A  connection  will  be  made  here  to 
the  8-inch-diameter  mainline  for  Rio  Linda. 

Institutional  Issues 

Interest  in  obtaining  the  treated  water  for  a  supplemental  source  of  potable  water  is 
high.  Northridge  Water  District  is  strongly  interested  in  obtaining  the  treated  ground- 
water  for  a  drinking  water  source,  provided  the  water  quality  meets  the  required 
potable  water  standards.  The  District  would  have  to  provide  public  information  to 
sell  the  idea  to  its  customers;  however,  the  District  does  not  see  this  as  a  problem 
(personal  communication,  Jerry  Ness,  August  10,  1993).  Rio  Linda  Water  District  has 
also  shown  a  strong  interest  in  the  water. 

One  limitation  to  this  option  may  be  the  current  regulations  of  the  State  Department 
of  Health  Services  (DHS)  concerning  contaminated  water.  Currently,  the  DHS  regu¬ 
lations  state  that  if  a  contaminated  groundwater  source  is  extracted  and  treated  from 
an  area  that  has  not  traditionally  been  a  source  of  potable  water  supply,  the  treated 
groundwater  carmot  be  used  for  a  potable  water  supply.  If  the  contaminated  ground- 
water  is  extracted  and  treated  from  an  area  that  has  traditionally  been  a  source  of 
potable  water  supply,  the  treated  groundwater  can  be  used  as  a  potable  water  supply. 
The  water  utilities  expressed  an  interest  in  pursuing  this  issue  with  DHS  so  that  they 
could  use  McQellan  AFB  water  as  a  source  for  domestic  water  supply. 

In  a  letter  dated  December  6,  1993,  to  Doris  Vamadore/SM-ALC-EMR  from  A.  L. 
Ellsworth/DHS,  the  DHS  requested  that  this  alternative  be  deleted  from  further 
consideration  (see  Attachment  D-1  to  Appendix  D). 

The  cost  of  the  water  should  not  be  a  limitation  because  the  Water  Districts  are 
amenable  to  paying  up  to  their  existing  pumping  costs. 

The  Water  Districts  are  also  interested  in  a  reasonable  assmance  of  a  continuous 
source  of  treated  groundwater  prior  to  putting  their  production  wells  on  standby. 
McClellan  AFB  has  not  guaranteed  a  steady  supply  of  treated  groundwater. 
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Option  3— Onsite  Groundwater  Iiyection 

Groundwater  injection  would  involve  pumping  treated  groundwater  from  both  treat¬ 
ment  units  to  injection  wells  at  the  north  side  of  McClellan  AFB.  The  wells  would  be 
perforated  into  the  regional  aquifer  to  an  approximate  depth  of  600  feet  below 
ground  surface. 

Site  Description 

The  preferred  area  for  the  groundwater  injection  site  is  at  the  north  end  of  McClellan 
AFB.  This  site  may  be  accessible  by  Gate  1010.  Presently  this  area  is  undeveloped 
and  appears  to  be  unused. 

The  conveyance  pipeline  alignment  from  the  treatment  unit  sites  to  the  groundwater 
injection  site  is  shown  in  Figure  Q-2  (Option  3 -Onsite  Groundwater  Injection). 

Water  Usage 

All  water  generated  by  both  the  west  and  the  east  treatment  units  would  be  injected 
into  the  wells.  It  has  been  assumed  for  this  analysis  that  a  minimum  of  two  and  a 
maximum  of  three  injection  wells  would  be  required  to  accommodate  the  flow  ranges. 
One  of  these  wells  would  be  required  as  a  standby  well  for  maintenance  purposes. 

Facilities  Required 

Facilities  required  for  this  option  are  listed  in  Table  Q-4  and  include  approximately 
30,900  feet  of  pipe,  a  1,400-foot  access  road  from  Gate  1010  to  the  well  field, 
injection  wells,  and  booster  pumps  at  each  treatment  unit  site.  For  facility  develop¬ 
ment,  it  has  been  assumed  that  both  treatment  units  would  discharge  into  a  common 
conveyance  pipeline  north  of  the  west  treatment  unit. 

Major  features  of  the  pip>eline  aligiunent  are  described  in  the  following  paragraphs. 

All  pipe  will  be  in  paved  roads  with  the  exception  of  the  section  east  from  26th  Street 
to  the  groundwater  injection  site. 

•  Beginning  at  the  east  treatment  unit  site,  the  pipeline  is  routed  for 
about  6,600  feet  along  Dudley  Blvd.  This  four-lane  street  is  fairly  busy, 
since  it  is  a  main  access  road  on  the  Base.  The  sewer  and  water  lines 
appear  to  be  to  the  north  edge  of  the  road.  The  shoulders  are  wide 
and  there  are  no  overhead  electrical  lines  along  much  of  the  route. 

This  route  has  at  least  one  railroad  crossing. 

•  The  alignment  follows  Kilzer  Avenue  north  for  about  1,400  feet  to  the 
intersection  with  Dean  Street.  Kilzer  has  two  lanes,  with  overhead  lines 
along  the  west  shoulder.  Water  appears  to  be  on  the  west  side  of  the 
street.  One  bore  and  jack  will  be  required  to  go  underneath  four  sets 
of  railroad  tracks  just  prior  to  the  intersection  with  Dean  Street. 
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Facilities  Required  for  Onsite  Groundwater  Injection 


Low  Flow 

High  Flow 

Facilities 

(400  gpm  -f  600  gpm  = 
1,000  gpm) 

(720  gpm  +  1,600  gpm  = 
2420  gpm) 

1.  Pipeline  Length  (ft) 

--  8-inch 

-  10-inch 

11,600 

-  12-inch 

1,300 

-  14-inch 

- 

18,000 

2.  Combined  Pump  Station 

Capacities 

-  Design  flow  (gpm) 

1,150 

2,250 

-  Total  dynamic  head  (ft) 

170 

210 

-  Delivery  pressure  (psi) 

10 

10 

-  Motor  size  (hp) 

75 

170 

3.  Injection  Wells 

-  Number  of  wells 

2 

3 

-  Casing  size  (in.) 

12 

12 

-  Depth  (ft) 

600 

600 

1  4.  Access  Road  (ft) 

1,400 

1,400 

•  The  alignment  turns  west  onto  Dean  Street  for  about  1,400  feet.  Dean 
Street  has  two  lanes,  with  overhead  lines  on  the  south  shoulder.  The 
sewer  appears  to  be  located  along  the  north  edge  of  the  street. 

•  Continuing  north  on  Patrol  Road,  the  route  covers  about  2,200  feet  prior 
to  the  intersection  of  Patrol  Road  and  the  west  treatment  unit  access 
road.  Patrol  Road  has  two  lanes  with  water  and  overhead  powerlines 
located  on  the  west  edge. 

•  Beginning  at  the  west  treatment  plant,  the  pipeline  is  routed  for  about 
1,300  feet  along  the  treatment  unit  access  road  across  to  Patrol  Road. 

•  The  alignment  then  follows  Patrol  Road  to  the  north  for  about  4,400  feet. 
Patrol  Road  is  still  two  lanes.  This  route  has  two  creek  crossings,  one  for 
Magpie  Creek  and  one  for  Don  Jiilio  Creek.  The  alignment  will  also 
cross  one  sewer  pipe  and  one  natural  gas  pipe  (RCRA  Part  B). 

•  The  alignment  turns  west  onto  Ascot  Avenue  and  follows  that  road  for 
about  1,400  feet  until  it  reaches  20th  Street.  Ascot  and  20th  both  have 
wide  shoulders  in  an  almost  rural  setting  and  are  lightly  traveled.  The 
alignment  continues  north  on  20th  Street  to  E  Street  for  about  2,600  feet. 
20th  Street  has  overhead  powerlines  on  the  west  shoulder,  and  water 
valves  located  on  the  west  edge. 
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*  At  the  intersection  of  E  Street,  the  alignment  is  routed  east  on  E  Street 
for  about  4,000  feet  to  the  intersection  with  26th  Street.  Water  is  on  the 
south  edge  of  E  Street.  This  street  is  lightly  traveled  and  runs  through  a 
residential  area. 

•  The  alignment  follows  26th  Street  north  for  about  5,200  feet,  then  turns 
due  east  for  400  feet  to  end  at  the  proposed  groundwater  injection  site 
location.  This  section  of  the  alignment  crosses  Robla  Creek.  One  section 
of  pipe  will  have  to  cross  under  the  security  fence  at  McClellan  AFB,  and 
due  to  security  reasons  will  probably  have  to  be  constructed  within  1  day’s 
time. 

Institutional  Issues 

Neighboring  water  utilities  are  concerned  about  the  uncertainties  involved  in  ground- 
water  injection.  Some  of  the  concern  centers  around  the  lack  of  knowledge  of  the 
effect  of  the  injected  water  on  the  contaminated  plume.  Such  effects  could  include 
breaking  the  plume  up,  thus  making  the  cleanup  more  difficult  and  possibly  contami¬ 
nating  the  existing  uncontaminated  supplies.  This  issue  is  being  evaluated  as  part  of 
the  RI/FS. 

A  Report  of  Waste  Discharge  will  be  required  by  RWQCB  for  developing  injection 
installations  and  requirements.  The  EPA  does  not  require  a  permit  for  injection  of  a 
non-hazardous  waste  (i.e.,  treated  groundwater)  into  a  usable  aquifer. 

Option  4 -Discharge  to  Magpie  Creek 

Currently,  the  groundwater  treatment  plant  discharges  its  water  (approximately  200 
gpm)  into  Magpie  Creek.  Although  a  pipe  and  discharge  structure  are  presently 
installed  for  the  existing  treatment  unit,  the  assumption  was  made  that  new  facilities 
would  be  required.  Magpie  Creek  is  a  concrete-lined  canal  through  much  of  the 
McQellan  AFB.  Its  existing  design  capacity  is  700  cubic  feet  per  second  (cfs)  or 
314,160  gpm  (Jerry  Reitz,  personal  communication,  July  22,  1993). 

Site  Description 

Discharge  to  Magpie  Creek  from  the  west  treatment  unit  will  use  a  pipeline 
paralleling  the  existing  discharge  pipe  along  the  treatment  unit  access  road.  Dis¬ 
charge  to  Magpie  Creek  from  the  east  treatment  unit  will  use  a  pipeline  through  a 
congested  area  of  McQellan  AFB  to  the  closest  available  point  of  discharge. 

The  relative  locations  of  the  treatment  unit  sites  and  the  associated  pipeline  routing 
for  this  option  are  shown  in  Figure  Q-3  (Option  4 -Discharge  to  Magpie  Creek). 
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Water  Usage 


For  this  study,  it  is  assumed  that  ai]  generated  flow  can  be  discharged  to  Magpie 
Creek  regardless  of  the  season.  However,  the  creek  capacity  should  be  evaluated  in 
detail  during  the  preliminary  design  because  the  creek  does  overflow  at  some  loca¬ 
tions  during  storm  events. 

Facilities  Required 

New  facilities  required  for  this  option  are  listed  in  Table  Q-5  and  include  the  dis¬ 
charge  pipeline  from  each  treatment  unit  site  to  the  creek,  a  discharge  structure,  and 
a  pumping  system.  The  discharge  structure  is  assumed  to  be  corrugated  metal  pipe 
with  a  flap  gate  at  the  end  to  dissipate  the  energy.  The  discharge  structure  would  be 
similar  to  the  one  currently  used  by  the  groundwater  treatment  plant. 


Table  Q-5 

Facilities  Required  for  Discharge  to  Magpie  Creek 

Faculties 

Groundwater  Pumping  Scenario 

East  Treatment  Unit 

West  Treatment  Unit  | 

Low  Flow 
(400  gpm) 

High  Flow 
(720  gpm) 

Low  Flow 
(600  gpm) 

High  Flow 
(1,600  gpm) 

1.  Pipeline 

-  Diameter  (in) 

8 

10 

10 

12 

-  Length  (ft) 

200 

200 

1,400 

1,400 

2.  Pump  Station 

-  D^ign  flow  (gpm) 

650 

750 

1,600 

-  Total  dynamic  head  (ft) 

25 

25 

25 

30 

-  Delivery  pressure  (psi) 

5 

5 

5 

5 

-  Motor  size  (hp) 

5 

7.5 

7.5 

20 

3.  Discharge  Structure 

1 

1 

1 

1 

Institutional  Issues 

Discharge  to  Magpie  Creek  may  create  additional  riparian  habitat  that  McClellan 
AFB  may  be  responsible  for  after  cleanup  is  completed.  For  this  reason  McClellan 
AFB  does  not  look  at  discharge  to  Magpie  Creek  as  a  primary  end  use.  However,  if 
other  alternatives  do  not  prove  to  be  feasible,  Magpie  Creek  could  become  a  primary 
end  use. 

An  NPDES  permit  will  be  required  and  may  be  similar  to  the  existing  NPDES  permit 
requirements  for  the  existing  groundwater  treatment  unit  (NPDES  No.  CA0081850, 
Order  No.  91-171).  Each  new  treatment  wUl  not  be  required  to  monitor  its  own 
discharge.  Additional  testing  and  monitoring  of  Magpie  Creek  will  not  be  required 
prior  to  discharge  of  any  new  treated  groundwater.  However,  initial  sampling  at  the 
groundwater  treatment  units  will  be  intensive  until  the  system  is  proven  viable 
(personal  communication,  Alex  McDonald,  RWQCB,  July  22,  1993). 
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Implementation  of  End-Use  Options 


The  end-use  options  as  described  above  will  not  be  sufficient  on  an  individual  basis  in 
terms  of  op*,  rational  flexibility.  Therefore,  the  options  were  combined  into  two  com¬ 
plete  systems,  with  primary  and  secondary  end  uses.  These  two  systems  were 
evaluated  for  each  of  the  four  groundwater  pumping  scenarios,  assuming  that  the 
entire  remedial  action  program  will  be  designed  around  one  or  a  combination  of 
these  scenarios. 

System  1— Description 

System  1  would  convey  the  first  200  gpm  of  treated  groundwater  to  McClellan  AFB 
existing  greywater  system.  The  remaining  flow  would  be  sold  to  the  neighboring 
water  districts.  In  the  event  of  maintenance  requirements,  the  backup  system  would 
discharge  the  treated  groundwater  to  Magpie  Creek.  Facilities  required  for  this 
system  are  listed  in  Table  Q-6.  The  pump  motor  size  is  based  on  the  maximum  size 
required  for  a  given  groundwater  pumping  scenario.  System  1  is  shown  in 
Figure  Q-4. 


Table  Q-6 

Facilities  Required  for  System  1 


Groundwater  Pumping  Scenario 

East  Treatment  Unit 

West  Treatment  Unit  | 

Low  Flow 

High  Flow 

Low  Flow 

High  Flow 

Facilities 

(400  gpm) 

(720  gpm) 

(600  gpm) 

(1,600  gpm) 

1.  Pipe  Lengths  (ft) 

“  6  in 

400 

400 

-  8  in 

-  10  in 

-  12  in 

1,800 

1,800 

8,500 

8,500 

2.  Pump  Stations 

-  Design  flow  (gpm) 

400 

650 

750 

1,600 

-  Total  dynamic  head  (ft) 

170 

170 

185 

185 

-  Deliveiy  pressure  (psi) 

65 

65 

52 

52 

-  Motor  size  (hp) 

25 

40 

50 

110 

3.  Discharge  Structure  at 

1 

I 

1 

1 

Magpie  Creek 

System  2— Description 

System  2  would  convey  the  first  200  gpm  of  treated  groundwater  to  McClellan  AFB 
existing  greywater  system.  The  remaining  flow  would  be  injected  into  the  ground- 
water  at  the  northeast  end  of  McQellan  AFB.  In  the  event  of  maintenance  require¬ 
ments,  the  backup  system  would  discharge  the  treated  groundwater  to  Magpie  Creek. 
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Facilities  required  for  this  system  are  listed  in  Table  Q-7.  The  pump  motor  size  is 
based  on  the  maximum  size  required  for  a  given  groundwater  pumping  scenario. 
System  2  is  shown  in  Figure  Q-5. 


Table  Q-7 

Facilities  Required  for  System  2 

Groundwater  Piimping  Scenario  || 

Low  Flow 

High  Flow 

(400  gpm  600  gpm  = 

(720  gpm  +  1,600  gpm  = 

FaciUties 

1,000  gpm) 

2,320  gpm) 

1. 

Pipe  Lengths  (ft) 

-  6  in 

400 

400 

-  8  in 

11,800 

-  10  in 

2,700 

11,800 

-  12  in 

2,700 

-  14  in 

18,000 

2. 

Combined  Pump  Station 
Capacities 

-  Design  flow  (gpm) 

1,150 

2,250 

-  Total  dynamic  head  (ft) 

170 

210 

-  Delivery  pressure  (psi) 

10 

10 

--  Motor  size  (hp) 

75 

170 

3. 

Discharge  Structure  at 
Magpie  Creek 

2 

2 

4. 

Injection  Wells 
-  Number  of  wells 

3 

4 

-  Casing  size  (in.) 

12 

12 

--  Depth  (ft) 

600 

600 

5. 

Access  Road  (ft) 

1,400 

1,400 

Order-of-Magnitude  Costs 

Order-of-magnitude  cost  opinions  were  prepared  for  each  system  in  accordance  with 
the  guidelines  of  the  American  Association  of  Cost  Engineers.  These  are  approxi¬ 
mate  estimates  made  without  detailed  engineering  data.  The  estimates  were  founded 
on  cost  curves,  bid  tabs  from  similar  water  conveyance  projects,  and  preliminary 
estimated  quantities  of  major  facility  components.  It  is  normally  expected  that  an 
estimate  of  this  type  would  be  accurate  within  -1-50  percent  to  -30  percent. 

The  cost  estimates  shown  have  been  prepared  for  guidance  in  project  evaluation  and 
implementation  from  the  information  available  at  the  time  of  the  estimate.  The  final 
costs  of  the  project  and  resulting  feasibility  will  depend  on  actual  labor  and  material 
costs,  competitive  market  conditions,  actual  site  conditions,  final  project  scope,  imple¬ 
mentation  schedule,  and  other  variable  factors.  As  a  result,  the  final  project  costs  will 
vary  from  the  estimates  presented  here.  Because  of  these  factors,  project  feasibility. 
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benefit  cost  ratios,  risks,  and  funding  needs  must  be  carefully  reviewed  prior  to  mak¬ 
ing  specific  financial  decisions  or  establishing  project  budgets  to  help  ensure  proper 
evaluation  and  adequate  funding.  Both  capital  and  annual  costs  have  been  developed 
for  each  system  evaluated. 

Estimated  Capital  Costs  for  Systems  1  and  2 
Assumptions 

Estimated  capital  costs  for  Systems  1  and  2  are  based  on  the  following  assumptions: 

•  Facilities  are  independent  for  each  groundwater  pumping  scenario. 

•  Pipe  diameters  are  based  on  a  maximum  velocity  of  5  feet  per  second  (fps) 
and  an  allowable  firiction  loss  of  7  feet  per  1,000  feet  of  pipe. 

•  Pipe  capital  cost  is  based  on  $5  per  diameter  inch  per  linear  foot  (materials 
and  installation  included). 

•  Pump  capital  cost  is  based  on  $1,500  per  hp. 

•  Discharge  structure  to  Magpie  Creek  capital  cost  is  based  on  the  existing 
structure  and  an  approximate  cost  of  $2,000  each. 

•  Groundwater  injection  wells  are  $90,000  each,  assuming  a  depth  of  600  feet. 

•  One  standby  groundwater  injection  well  is  required  for  each  scenario. 

•  Access  Road  is  6-inch  gravel  base,  12  feet  wide. 

Table  of  Costs 

Capital  costs  are  presented  in  Table  Q-8  for  both  groundwater  pumping  systems  of 
low  flow  and  high  flow  at  each  treatment  unit.  As  shown  in  the  table,  estimated 
capital  costs  range  from  $626,000  (low  flows)  to  $856,000  (high  flows)  for  System  1, 
and  $2,270,000  (low  flows)  to  $2,669,000  (hi^  flows)  for  System  2.  The  cost 
treatment  unit  portion  of  System  2  would  not  be  built  without  the  west  treatment  unit 
portion  of  System  2. 

Estimated  Annual  Costs  for  Systems  1  and  2 
Assumptions 

Annual  costs  include  operation  and  maintenance  and  pumping  requirements.  Labor 
is  not  included.  Annual  costs  were  estimated  for  both  systems  using  the  following 
assumptions: 
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Table  Q-8 

System  Capital  Costs 

Capital  Cost  Per  Groundwater  Pumping  Scenario  ($) 

East  Treatment  Unit 

West  Treatment  Unit  [ 

Low  Flow 

High  Flow 

Low  Flow 

High  now 

System 

Facilities 

(400  gpm) 

(720  gpm) 

(600  gpm) 

(1,600  gpm) 

1 

Pipeline 

90,000 

Pumps 

75,000 

Discharge  Structure 

2,000 

2,000 

TOTAL 

112,000 

167,000 

689,000 

2 

Pipeline 

464,000 

1,145,000 

1,338,000 

Pumps 

113,000 

255,000 

255,000 

Discharge  Structure 

4,000 

4,000 

4,000 

Injection  Well 

— 

270,000 

360,000 

Access  Road 

" 

” 

15,000 

15,000 

TOTAL 

581,000 

1,689,000 

1,972,000 

Facilities  are  independent  for  each  groundwater  pumping  scenario. 

Pipe  friction  head  losses  were  based  on  a  Hazen  Williams  coefficient  of 
friction  of  120,  which  is  representative  of  a  rough  pipe  (conservative). 

Pump  elevations  are  at  ground  surface  in  general  vicinity  of  treatment 
unit  site  as  based  on  United  States  Geological  Survey  (USGS)  map. 

Discharge  elevations  are  at  ground  surface  in  general  vicinity  of  dis¬ 
charge  point  as  based  on  USGS  map. 

Pump  discharge  assembly  losses  (losses  through  fittings  and  valves)  are 
approximately  10  feet. 

A  discharge  head  of  approximately  5  psi  is  required  for  the  existing 
greywater  system,  approximately  65  psi  for  Northridge  Water  District, 
approximately  52  psi  for  Rio  Linda  Water  District,  approximately  10  psi 
for  groundwater  injection,  and  approximately  5  psi  for  Magpie  Creek. 

The  combined  pump  and  motor  efficiency  will  be  70  percent. 

Pumps  will  operate  24  hours  a  day,  365  days  a  year. 

Power  cost  will  be  @  $0.06Acilowatt  hour  (kWh). 

Operation  and  maintenance  costs  are  based  on  a  percent  of  capital  cost 
as  follows: 
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Pipes 

0.5 

Pumps 

5.0 

Discharge  Structures 

10.0 

Groundwater  Injection  Wells 

20.0 

Access  Road 

10.0 

Annual  Costs 

Annual  costs  for  both  systems  are  identified  in  Table  Q-9  for  each  groundwater 
pumping  scenario.  As  shown  in  the  table,  total  annual  costs  range  from  approxi¬ 
mately  $36,000  (low  flows)  to  $82,000  (high  flows)  for  System  1,  and  from 
approximately  $98,000  (low  flows)  to  $156,000  (high  flows)  for  System  2. 


Table  Q-9 

System  Annual  Costs 

System 

Facilities 

Annual  Cost  Per  Groundwater  Pumping  Scenario  ($)  || 

East  Treatment  Unit 

West  Treatment  Unit  || 

Low  Flow 
(400  gpm) 

High  Flow 
(720  gpm) 

Low  Flow 
(600  gpm) 

High  Flow 
(1,600  gpm) 

1 

Pipeline 

360 

450 

2,200 

2,600 

Pumps 

11,500 

23,000 

22,000 

56,000 

Discharge  Structure 

200 

200 

200 

200 

TOTAL 

12,060 

23,650 

24,400 

58,800 

2 

Pipeline 

2,400 

2,900 

5,700 

6,700 

Pumps 

11,500 

22,000 

22,000 

50,000 

Discharge  Structure 

400 

400 

400 

400 

Injection  Well 

— 

- 

54,000 

72,000 

Access  Road 

" 

" 

1,500 

1,500 

TOTAL 

14300 

25,300 

83,600 

130,600 
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Introduction 

This  technical  memorandum  describes  the  assumptions  and  methodology  used  to 
develop  budget-level  cost  estimates  for  the  each  of  the  six  remedial  action  alternatives 
in  the  Groundwater  OU  RI/FS.  Capital  costs  and  O&M  costs  are  provided  for  the 
proposed  extraction,  treatment,  and  end-iise  systems  that  comprise  each  remedial 
action  alternative.  Capital  costs  are  expenditures  reqiiired  to  initiate  and  install  a 
remedial  action.  They  are  exclusive  of  costs  required  to  maintain  the  action 
throughout  its  lifetime.  Annual  operating  and  maintenance  costs  are  the  post¬ 
construction  costs  necessary  to  ensure  continued  effectiveness  of  a  remedial  action 
and  achievement  of  its  objective. 

Capital  and  O&M  costs  were  developed  based  on  the  anticipated  tasks  and  activities 
required  to  implement  and  operate  the  remedial  action.  Complete  listings  of  the 
tasks  and  activities  are  presented  in  Appendix  S.  The  engineer  responsible  for  a 
specific  activity  estimated  the  necessary  level  of  effort  and  materials  required  to 
complete  that  activity.  Costs  were  then  calculated  based  on  quotes  from  equipment 
vendors,  bid  tabs,  estimates  from  similar  projects  at  McQellan  AFB  or  elsewhere, 
standard  costing  guidance  references,  and  standard  labor  rates.  The  cost  for  each 
task  was  computed  by  totaling  the  activities  necessary  to  complete  that  task.  Cost 
summaiy  tables  located  at  the  end  of  this  technical  memorandum  provide  a  listing  of 
each  task  and  its  estimated  budget-level  cost.  Budget-level  costs  are  considered  to  be 
accurate  within  plus  30  percent  or  minus  15  percent. 

Annual  O&M  costs  were  developed  for  two  time  periods.  Since  construction  of  the 
remedial  action  will  occur  in  phases,  an  initial  cost  was  calculated  that  included 
operation  of  the  existing  treatment  plant  and  the  offbase  monitoring  wells  with 
wellhead  treatment.  This  initial  phase  was  conservativefy  estimated  at  5  years.  When 
the  remedial  action  is  completely  installed,  the  wellhead  treatment  units  will  be  taken 
offline,  and  the  O&M  costs  then  reflect  the  operation  of  the  entire  facility. 
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Extraction  System 


Capital  costs  were  generated  based  on  all  activities  related  to  the  completion  of  the 
monitoring  wells,  extraction  wells,  wellhead  treatment  units,  instrumentation  and  con¬ 
trol  (I&C),  and  collection  piping.  Major  tasks  related  to  the  wells  include  planning, 
obtaining  permits,  subcontracting,  drilling  and  logging,  sampling,  lab  analysis,  and  data 
interpretation.  Activities  related  to  the  collection  piping  include  design,  utility  map¬ 
ping,  obtaining  permits,  and  construction.  Annual  O&M  costs  consist  of  power  for 
the  extraction  wells  and  instrumentation,  pump  and  piping  maintenance,  and  sampling 
and  analytical  testing. 

Capital  Cost  Estimates 

Extraction  WeUs  and  Monitoring  Wells 

Installation  of  the  monitoring  wells  and  extraction  wells  was  estimated  to  be  com¬ 
pleted  in  three  phases,  each  resulting  in  a  separate  task  order.  Table  R-1  summarizes 
the  number  of  proposed  wells  to  be  installed  ofibase,  in  hot  spot  locations,  and  within 
the  remainder  of  the  onbase  areas. 

Costs  for  both  the  extraction  wells  and  monitoring  wells  were  estimated  on  the  basis 
of  cost  per  foot  of  depth.  Drilling  methods  will  depend  on  the  depth  of  well,  for 
example: 

•  A-zone  wells  (average  depth  of  140  feet)— Dual  tube  percussion  with 
cyclone 

•  B-zone  wells  (average  depth  of  200  feet)— Mud-rotary  rig  with  mud  pit, 
pump,  flow  ditch,  and  shaker 

•  C-zone  weUs  (average  depth  of  300  feet) -Mud-rotary  rig  with  mud  pit, 
pump,  flow  ditch,  and  shaker 

For  A-  and  B-zone  wells,  4  days  will  be  required  to  mobilize  equipment  to  the  boring 
location,  drill  the  hole,  install  the  well  materials  including  a  2-hp  submersible  pump, 
monument  at  the  surface,  and  decontaminate  materials  and  equipment.  For  C-zone 
wells,  5  days  will  be  required  for  this  work.  Well  screens  moU  consist  of  50-foot 
lengths  of  flush-jointed,  6-inch-diameter,  Type  304  stainless  steel,  with  0.040-inch  slots. 

Three-person  drilling  crews  will  be  used  with  Level  D  protective  gear  required. 
Derived  drilling  wastes  will  require  containerization.  Drilling  mud  will  be  contained  in 
6,S00-gaIlon  Baker  tanks.  Drill  cuttings  wiU  be  contained  in  10-cubic-yard  rolloff 
boxes.  Waste  materials  will  be  disposed  at  an  onbase  facility  within  60  days,  and  the 
containers  will  be  reused  at  another  boring  or  returned  to  the  vendor.  Costs  for 
chemically  characterizing  drilling  mud  and  soil  cuttings  are  not  included.  Decontami¬ 
nation  wastewater  will  be  disposed  at  an  onbase  treatment  facility. 
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Table  R-1 

SiHwwiery  of  Groundwater  MutleiHne  aa4  E« 


lote:  EW  =  extraction  wells;  MW  =  monitoring  wells. 


Wellhead  treatment  is  proposed  for  temporary  use  (about  3  to  5  years)  at  the  offbase 
extraction  wells  until  the  remedial  action  is  fully  implemented.  Costs  include  the 
treatment  unit  only;  no  costs  were  estimated  for  piping  required  to  convey  the  dis¬ 
charge  water. 

Instrumentation  and  Control 

I&C  costs  were  computed  for  each  alternative  based  on  the  need  for  flow  measure¬ 
ments  and  water  level  measurements  for  the  extraction  wellls  and  monitoring  wells, 
respectively.  Data  will  be  collected  from  all  of  the  proposed  monitoring  weUs  plus  all 
of  the  existing  monitoring  wells  that  have  been  designated  to  be  on  the  monitoring 
system.  Table  R-2  summarizes  the  I&C  requirements. 


1  Tabic  R.2 

J  Sammai;  of  IftC  Rcqalnmento 

Case 

Monitoring  Wclb 

Extraction  Wells 

Total 

Wells 

I/O 

Locations 

PLCs 

I/O 

Drops 

RifiatiBn 

Proposed 

Rrfaring 

Proposed 

MCL 

40 

76 

9 

123 

24S 

83 

11 

70 

Risk 

50 

97 

9 

153 

£911 

103 

13 

87 

Background 

65 

116 

9 

205 

395 

132 

17 

112 

Water  level  data  will  be  coUected  from  the  monitoring  wells  at  a  maximum  frequency 
of  1  sample  per  hour  per  well.  The  system  will  be  capable  of  sampling  all  wells 
within  a  one-hour  period.  Monitoring  of  the  output  flow  from  the  extraction  wells 
will  enable  the  operator  to  determine  the  well  performance  and  operating  status. 

Cost  estimates  are  based  on  power  being  available  at  the  extraction  wells  for  the  I&C 
units  and  no  flow  controls  being  required  for  the  pumps. 

The  well  data  will  be  hardwired  to  an  input/output  (I/O)  location  consisting  of  a  pro¬ 
grammable  logic  controller  (PLC)  I/O  module  that  can  acconunodate  analog  inputs. 
Well  data  will  be  collected  from  the  monitoring  wells  and  extraction  wells  with  level 
probes  or  flow  meters,  respectively.  It  is  assumed  that  one  I/O  location  (probably  at 
an  extraction  well  having  a  power  source)  will  service  three  wells  within  a  radius  of 
400  feet.  The  I/O  units,  in  turn,  are  hardwired  to  a  PLC  from  where  the  data  are 
transmitted  via  modem  to  a  computer  control  station  (PC)  located  at  each  of  the 
treatment  plants.  One  PLC  should  be  able  to  accommodate  eight  I/O  units;  thus,  the 
monitoring  system  needs  one  PLC  for  every  24  wells. 

The  network  consists  of  the  following: 

•  DH-48S  network  between  the  PLCs  and  modems  with  16,000  feet  of 
cable 

•  Six  modems  and  convertors 
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•  RS-232  network  between  the  modems  and  the  PCs  with  15,000  feet  of 
conduit 

•  Two  personal  computers 

•  Process  monitoring  software 

Collection  Piping 

Costs  for  the  collection  piping  depend  upon  the  length  and  diameter  of  pipes  as  well 
as  the  type  of  pipe.  The  ^ameter  and  length  of  pipes  were  developed  using  a  com¬ 
puterized  piping  network  model.  The  collection  piping  network  varies  depending  on 
the  target  volumes  for  the  alternative. 

Design  of  the  collection  system  was  performed  using  available  Microstation  base  map¬ 
ping.  A  software  package  developed  by  CH2M  HILL,  named  LYNX,  was  used  as 
the  interface  between  the  Microstation  base  mapping,  a  database,  and  NETWK,  the 
hydraulic  analysis  software  used  for  piping  networks.  The  collection  system  piping 
network  was  laid  out  in  Microstation  over  the  base  mapping  to  ensure  that  pipes  were 
located  appropriately.  LYNX  was  used  to  translate  the  graphical  information  from 
Microstation  to  a  database,  and  then  to  write  input  files  fi'om  the  database  for  use  by 
NETWK  After  the  hydraulic  analysis  was  completed,  LYNX  was  used  to  generate 
output  reports  summarizing  the  pipe  sizes  and  quantities  necessary  for  this  system. 
LYNX  was  also  used  to  graphically  display  the  results  from  NET>^  for  a  visual 
check  of  the  results.  Table  R-3  summarizes  the  pipe  quantities  for  each  collection 
system. 

The  collection  system  will  consist  of  both  dual-wall  containment  pipelines  and  single¬ 
wall  pipelines.  Dual-waU  containment  pipe  will  only  be  used  to  convey  the  extracted 
water  from  wells  located  in  hot  spots  to  the  mainline.  Otherwise,  costs  were  based  on 
single-wall  pipes.  Costs  were  calculated  using  C-900  polyvinyl  chloride  pipe  (PVC) 
suitable  for  conveying  potable  water. 

Land  use  in  the  area  surrounding  the  pipeline  construction  corridor  has  a  significant 
impact  on  the  cost  of  the  instaUation.  Pipeline  construction  in  open  country  typically 
has  little  or  no  utility  interference  or  traffic  control  requirements,  while  construction 
in  urban  areas  can  be  significantly  complicated  by  these  types  of  additional  work. 

The  EPA  published  a  technical  report  in  1978  entitled  Construction  Costs  for  Munici¬ 
pal  Wastewater  Conveyance  System:  1973-1977  that  adjusts  sanitary  sewer  construction 
costs  for  various  land  use  categories  by  a  multiplier. 
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Table  R-3 

Pipe  Quantities  for  Collection  Systems 


Pipe  Diam 
(inches) 

Pipe  Length  (feet)  | 

MCL 

Risk 

Background  | 

East 

West 

East 

West 

East 

West 

2 

15312 

19,979 

20,821 

20,016 

18,998 

29,972 

3 

22329 

6,538 

11,126 

21,251 

18,619 

25,298 

4 

3,835 

3,397 

5,115 

9,433 

2,071 

13,986 

6 

4,315 

6,505 

4,114 

3,292 

5,229 

11,451 

1  ^ 

1,902 

5,945 

846 

1,127 

10,045 

3,632 

10 

2,945 

1,952 

5,805 

12 

2,308 

143 

3,101 

14 

1,178 

16 

920 

Total 

47,693 

42364 

42,022 

60372 

57,057 

95343 

Quantities  of  pipe  generated  by  the  network  model  were  divided  into  two  categories - 
dense  residential  and  commercial/industrial.  For  all  piping,  the  estimate  includes  pro¬ 
vision  for  moderate  utility  interference  (dense  residential)  or  heavy  utility  interference 
(commercial/industrial).  Excavation  and  backfill  costs  were  developed  for  piping  in  a 
light  residential  street  and  adjusted  for  the  above  factors.  The  adjustments  are  dense 
residential  times  1.19  and  commercial/industrial  times  1.32.  Earthwork  costs  include 
sawcutting  and  removing  the  asphalt  concrete  pavement,  excavating,  backfilling  with 
pipe  zone  material  and  general  backfill  material,  locator  tape,  and  paving.  Estimated 
costs  include  the  installation  of  pipeline  crossings  under  railroads  and  taxiways  with 
directional  drilling. 

O&M  Cost  Estimates 

O&M  costs  were  developed  for  labor,  power,  data  sampling  and  analysis,  wellhead 
treatment,  as  well  as  maintenance. 

Power 

Costs  for  power  were  calculated  using  the  total  horsepower  of  the  extraction  well 
pumps,  with  the  2-hp  pumps  operating  24  hours  per  day,  365  days  per  year.  The  cost 
of  power  was  calculated  at  $0.06/kWh,  the  rate  provided  by  McQeUan  AFB. 
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Sampling  and  Analyses 

Well  sampling  is  expected  to  occur  twice  per  year  with  a  total  of  40  percent  of  the 
wells  being  sampled  yearly.  The  total  number  of  wells  monitored  per  year  at  each 
target  volume  is; 

•  MCL~47 

•  Cancer  Risk -59 

•  Background -73 

The  cost  per  sample  is  based  on  a  two-peraon  crew  sampling  5  wells  per  day  and 
standard  labor  rates. 

Laboratory  analysis  costs  were  included  to  analyze  each  sample  for  VOCs,  minerals, 
and  inductively  coupled  plasma  (ICP)  metals.  Data  interpretation  and  reports  will 
also  be  generated  twice  yearly. 

Welihead  Treatment  and  General  Maintenance 

Costs  were  aiso  added  for  replacing  the  carbon  in  the  wellhead  treatment  unit  during 
the  year  by  a  vendor.  Maintenance  of  the  system  was  assumed  to  be  5  percent  of 
construction  cost  pe*  year  and  includes  service,  painting,  and  repairs. 


Treatment  System 

Capital  costs  were  developed  for  all  tasks  and  activities  required  to  complete  the 
modification  of  the  existing  west  treatment  plant  and  the  construction  of  the  proposed 
east  treatment  plant.  Major  tasks  include  plaiming,  acquiring  necessary  permits, 
design  and  construction.  Armual  O&M  costs  consist  of  operating  and  administrative 
labor,  pumping,  and  processing  power,  natural  gas  usage,  maintenance,  and  analytical 
testing. 

Proposed  East  Treatment  Plant 
Capital  Cost  Estimates 

Table  R-4  lists  the  east  plant  flows  and  concentrations  for  the  six  alternatives  being 
evaluated  in  the  Groundwater  OU  FS. 

The  estimated  influent  concentrations  of  groimdwater  are  siunmarized  in 
Appendix  M.  The  concentrations  were  determined  using  database  queries  to  search 
and  average  the  monitoring  well  analytical  data  over  the  target  areas  for  each 
alternative.  Significant  contaminants  were  those  which  had  average  calculated  con¬ 
centrations  above  MCL  concentrations.  Nondetects  were  averaged  into  the  series  of 
data  as  zero 
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1  Table  R-4 

1  East  Treatment  Plant  Requirements 

Alternative 

No. 

Groundwater 
Plo'"'  (spin) 

Treatment 
Requirement  Oig/1) 

1 

460 

<0.5“ 

2 

590 

<0.5“ 

3 

710 

<0.5“ 

4 

460 

<0.5“ 

5 

460 

<0.5 

6 

460 

<0.5“ 

1  ^With  granular  activated  carbon.  | 

concentration  values.  While  some  average  metals  concentrations  were  higher  than 
MCLs,  they  were  not  included  as  significant  contaminants  in  this  evaluation.  The 
historical  sampling  of  filtered  and  nonfiltered  samples  and  the  relationship  of  these 
data  to  the  actual  extracted  groundwater  concentrations  indicate  that  extracted 
concentrations  will  be  less  than  MCL  values.  This  data  analysis  and  the  metals 
treatment  requirements  are  discussed  in  Chapter  4  of  the  Groimdwater  OU  FS. 

Air  Stripper.  As  in  the  order-of-magnitude  cost  estimations,  preliminaiy  air  stripper 
sizing  for  the  three  target  volumes  was  performed  using  STR^R,  an  in-house  CH2M 
HILL  program.  In  all  three  cases,  MCL,  risk,  and  backgroimd,  air  stripping  towers 
were  sized  to  remove  TCE  to  required  levels.  This,  in  turn,  provided  adequate 
removal  for  all  other  contaminants.  Each  STREPR  capital  cost  is  based  on  fiberglass- 
reinforced  plastic  external  construction  and  includes  aU  packing  and  internals.  Tower 
height  was  limited  to  40  feet  for  aesthetic  and  air  traffic  reasons  with  air  flow  adjusted 
to  provide  required  removals.  All  air  strippers  were  combined  with  either  CatOx  or 
VGAC  for  offgas  control. 

Liquid  Phase  Carbon.  Liquid  phase  carbon  equipment  sizing  and  costs  are  based  on 
vendor-supplied  quotes.  Equipment  capital  costs  are  based  on  flow  rates  only,  and 
therefore  the  cost  outlay  is  the  same  for  all  500-gpm  flow  alternatives.  Alternative  3, 
however,  requires  treatment  of  700  gpm  of  groimdwater,  and  therefore  two  vendors 
estimated  costs  for  two  units,  each  operating  at  350  gpm.  These  two  vendors  require 
two  units  for  the  700-gpm  flow  rate  case  because  the  maximum  flow  rate  through 
their  largest  carbon  unit  is  500  gpm. 

Vapor  Phase  Carbon.  The  vapor  phase  carbon  capital  cost  for  Alternative  4  has  been 
deferred  to  O&M  costs  because  the  most  reasonable  vendor  price  is  that  of  a  rental 
unit. 

Catalytic  Oxidation.  Capital  cost  estimates  for  a  catalytic  oxidizer  and  amdliaiy 
equipment  were  prepared  from  vendor  budget-level  quotations.  Sizing  criteria  were 
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prepared  from  STRIPR  outputs  for  the  three  different  target  volumes  (MCL,  risk, 
background).  Three  vendors  were  contacted  to  request  budget-level  estimates. 

O&M  Cost  Estimates  (General) 

Labor.  Labor  requirements  for  each  alternative  were  determined  through  a  compari¬ 
son  of  labor  usage  at  the  existing  GWTP.  Three  full-time  equivalents  (FTEs)  are 
estimated  for  the  GWTP  to  operate;  therefore,  it  was  determined  that  three  FTEs 
would  be  required  to  operate  alternatives  involving  air  stripping  with  offgas  control 
and  LGAC  polishing.  It  then  follows  that  for  Alternative  5,  which  involves  two  tech¬ 
nologies,  only  two  FTEs  will  be  required  for  operation,  and  so  on  for  remaining  alter¬ 
natives.  General  labor  represents  80  percent  of  the  total  labor  hours,  and  supervisory 
labor  accounts  for  20  percent  of  the  total.  Hourly  labor  rates  are  supplied  by  the 
Hazardous  Waste  Remediation  Operations  and  Maintenance  Cost  Estimating  Guid¬ 
ance  Manual  developed  by  CH2M  HILL  for  the  State  of  California  (CAL  O&M). 

Administrative  costs  will  be  approximately  twice  that  of  the  existing  GWTP  including 
McQellan  AFB  personal  labor  for  meetings,  oversight,  tours,  and  optimization. 

Power.  Pump  sizes  and  power  requirements  were  determined  using  standard  engi¬ 
neering  methods,  accounting  for  given  flow  rates  and  expected  head  losses  through 
the  piping  and  equipment.  Blower  sizes  and  power  requirements  were  determined  by 
vendor  suggestions  and  standard  engineering  methods. 

Power  cost  was  calculated  on  an  ener^  cost  of  $0.06/kWh,  the  rate  provided  by 
McQellan  AFB.  It  was  assumed  that  the  treatment  plant  would  operate  24  hours  per 
day,  365  days  per  year. 

Natoral  Gas.  Estimates  of  natural  gas  usage  were  calculated  from  vendor-provided 
heat  requirements.  Vendors  provided  heat  input  required  in  British  thermal  units 
(Btus)  per  hour.  Natural  gas  usage  and  cost  are  calculated  assuming  8,760  operating 
hours  per  year,  1,050  Btus  per  cubic  foot  of  natural  gas,  and  $0,003  per  cubic  foot  of 
natural  gas. 

Maintemince  Materials.  Maintenance  costs  include  piping  modifications,  painting, 
and  other  maintenance  materials.  Maintenance  material  costs  were  estimated  as 
5  percent  of  the  total  capital  cost,  with  installation  costs  not  included.  This  percen¬ 
tage  is  an  average  factor  for  maintenance  provided  by  vendors. 

Analytical  Testing.  Sampling  costs  for  monitoring  treated  water  are  included.  The 
assumptions  used  to  calculate  the  cost  of  analytical  requirements  include  twice-weekly 
testing  for  organics,  and  weekly  analytical  testing  for  sodium,  chlorine,  total  suspended 
solids,  dissolved  oxygen,  and  turbidity. 
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O&M  Cast  Estimates  (Technology-Specific) 

Vapor  Phase  Carbon.  The  most  financially  feasible  vapor  phase  carbon  unit  was 
available  only  as  a  rental  unit  and  therefore  had  only  operating  costs  associated  with 
it.  The  rental  cost  includes  general  maintenance  and  carbon  recharging  costs  incurred 
during  operation.  One  vapor  phase  carbon  unit,  12,500  pounds  of  carbon,  is  estima¬ 
ted  to  be  required.  This  system  would  have  an  estimated  capacity  to  adsorb  the  off¬ 
gas  contaminants  for  one  S-month  period.  Fuel  costs  incurred  during  vapor  preheat 
were  determined  using  guidelines  described  in  the  CAL  O&M.  Natural  gas  usage 
and  cost  were  calculated  assuming  8,760  operating  hours  per  year;  1,050  Btus  per 
cubic  foot  of  natural  gas,  and  $0,003  per  cubic  foot  of  natural  gas. 

Liquid  Phase  Carbon.  Carbon  regeneration  costs  were  determined  using  in-house 
carbon  usage  estimation  programs  and  several  vendor  quotes.  Air  stripper  perfor¬ 
mance  and  influent  carbon  concentrations  for  the  three  flow  and  concentration  sce¬ 
narios  are  included  in  Tables  R-5  through  R-7.  Carbon  cost  is  calculated  based  on 
$1.10  per  pound  of  carbon. 


Table  R-5 

Propmed  East  Treatment  Plant 

Background  Target  Volume  (Alternative  3) 

Flow  710  gpm 

1  Contaminant 

Influent 

Concentration 

(PPb) 

Removal 

(%) 

Exiting  Stream 
Concentration 
(Ppb) 

1  TCE 

935 

99.95 

0.468 

1  Carbon  Tetrachloride 

2.06.13 

99.86 

0.003 

1  U-DCA 

0.11.08 

95.92 

0.005 

1  Benzene 

34 

99.86 

0.048 

cis-l,2-DCE 

9 

99.31 

0.062 

Methylene  Chloride 

1.89 

99.42 

0.011 
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Tabic  R-4 

Proposed  East  TreataMiit  Plant 
10’*  Cancer  Risk  Tarfet  Volnne  (AHemative  2) 
_ Floir  000  gpn 


Contaminant 

Influent  Concentra¬ 
tion 
(PPfc) 

Removal 

(») 

Exiting  Stream  I 
Concentration 
(PP*») 

TCE 

1,122 

99.96 

0.449 

Carbon  Tetrachloride 

2J5 

99.95 

0.001 

1,2-DCA 

1.32 

96.26 

0.049 

Benzene 

41 

99.89 

0.045  1 

1,1-DCE 

0.52 

99.98 

0.000  1 

Methylene  Chloride 

2.1 

99.74 

0.006 

cb-1,2-DCE 

11 

99.41 

0.065 

TaMe  R-7 

Proposed  East  Treatment  Plant 
MCL  Target  Volume  (Altcmatives  1,  4,  and  5) 
Floir  500  gpm 


Influent 

Exiting  Stream 

Concentration 

Removal 

Concentration 

Contaminant 

(PPb) 

(%) 

(PP*») 

TCE 

1,870 

99.97 

0.500 

Carbon  Tetrachloride 

4 

99.97 

0.001 

U-DCA 

2.2 

96.82 

0.070 

Benzene 

63 

99.92 

0.005  1 

1,1-DCE 

0.64.1 

99.98 

0.000  1 

Methylene  Chloride 

3.0 

99.81 

0.006  1 

cis-l,2-DCE 

21 

99.55 

0.095  1 

Existing  West  Treatment  Plant 
CtipUal  Cost  Estimates 

The  purpose  of  this  section  is  to  provide  cost  backup  for  the  capital  and  O&M  cost 
estimates  for  the  existing  GWTP  at  McQellan  AFB  under  future  flow  scenarios,  as 
described  in  the  six  alternatives  developed  in  the  GW  OU  RI/FS.  The  GWTP  flows 
and  concentrations  described  in  the  alternatives  are  listed  in  Table  R-8. 
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Table  R-S  1 

Existing  West  Treatment  Plant  | 

Flows  and  Treatment  Requirements  | 

— 

Alternative 

No. 

Groundwater 
Flow  (gpm) 

Treatment 
Requirement  (/ig/l) 

1 

630 

<0.5* 

2 

820 

<0.5* 

3 

1,300 

<0.5*  1 

4 

630 

<0.5* 

5 

630 

<0.5 

6 

630 

<0.5* 

j  “With  granular  activated  carbon.  | 

The  concentration  of  groundwater  to  be  treated  in  the  six  alternatives  was  also  esti¬ 
mated.  The  significant  concentrations  of  all  compounds  are  given  in  Appendix  M. 

The  methods  used  to  determine  concentrations  and  criteria  used  to  define  significant 
contaminants  are  the  same  as  those  listed  for  the  east  treatment  plant. 

As  discussed  in  Appendix  A,  stripping  compounds  typically  found  in  McQellan  AFB 
groundwater  (specifically  1,2-DCA)  is  dependant  on  temperature.  Calculations  per¬ 
formed  as  part  of  the  groundwater  treatment  plant  evaluation  showed  that  there  is  an 
economic  breakpoint  which  centers  on  stripper  temperature  of  about  lOO^F.  At 
water  temperatures  below  1(X)"F,  1,2-DCA  tends  to  stay  in  the  water  and  require 
removal  in  the  carbon  beds.  This  causes  a  dramatic  rise  in  carbon  consumption  and 
therefore  total  O&M  cost.  At  temperatures  above  100"F,  the  1,2-DCA  is  stripped 
and  destroyed  in  the  offgas  control  incinerator,  with  negligible  impact  on  O&M  cost 
over  typic^  operating  expenses.  While  economic  optimization  of  the  design  is  a 
detailed  involved  task  that  should  best  take  place  at  the  predesign  stage,  we  have 
attempted  to  find  an  approximate  optimum  as  part  of  this  cost-estimating  task.  To 
determine  the  capital  cost  required  to  expand  the  existing  GWTP  for  future  flows,  the 
following  assumptions  were  made: 

•  The  optimum  stripper  water  temperature  is  approximately  99“  to 
101  “F. 

•  The  scrubber  inlet  gas  temperature  shall  be  490“  to  515“F  to  avoid 
problems  with  internals  being  damaged  by  high  temperature. 

•  The  air/water  heat  exchanger  will  be  replaced  or  supplemented  with 
larger  units  to  allow  the  fint  two  conditions  to  be  met  at  higher  flow 
rates. 
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To  determine  the  required  air/water  heat  exchanger  area  and  related  cost,  the  GWTP 
was  evaluated  using  a  heat  balance  model  developed  by  CH2M  HHJL  This  model  is 
described  in  Appendix  A.  In  addition  to  airAvater  heat  exchanges,  additional  capital 
items  are  required  to  allow  the  GWTP  to  accommodate  the  hydraulic  flow  of  Alterna¬ 
tives  1  through  6.  The  additional  major  equipment  items  with  each  alternative  are 
summarized  in  Table  R-9. 


1  TMt  K-»  1 

1  CapHal  IlMM  at^Blna  hr  GWTP  K»yn»VMi  | 

Itoa 

AtUrnariw 

l,4,S,aari« 

Aliamalh* 

2 

AMcnaibc  I 

3  1 

AirArater  heat  exchanfer 

Add  361  ft^  Exchanger 

Add  1,000  ft^  Exchanger 

Add  1400  ft^  Exchanger  | 

WaterAmter  heat 
cxchanfen 

No  change 

Add  one  3,500  fl^ 

Exdtanger 

Add  two  3400  Exchangeis  | 

LGAC  units 

No  change 

Add  one  pair  of  20,000-lb 
vemels  (in  series) 

Add  three  pain  of  20,000-lb  fl 

vessels  (in  aeries)  J 

Stripper  pumps 

No  change 

No  change 

Replace  pumps  with  1,600-gpm  | 
capadiy  mod^  | 

LGAC  pumps 

No  change 

No  change 

Replace  pumps  with  l,600-fi>m  | 
capacity  models  | 

Liquid  diitributor 

No  change 

No  change 

Replace  with  trough-type 
distributor 

Piping 

Minor  changes 
(S62,000  instailed) 

Minor  changes-icrubber 
may  pequire  repositioning 
to  allow  new  airAvater 
exchanger 

Major  changes -diameten 
increase  for  hydraulic  capacity 
increase,  scrubber  may  require 
repositioning 

O&M  Cost  Estimates 


LGAC.  One  principal  variable  factor  in  O&M  costs  for  the  west  treatment  plant  is 
carbon  usage.  As  discussed  above,  an  optimum  stripper  feedwater  temperature  has 
been  estimated.  Capital  items  have  been  included  in  the  cost  estimates  of  the  various 
alternatives  to  allow  operation  at  this  temperature.  Stripper  performance  and  result¬ 
ing  carbon  influent  concentrations  that  result  from  stripper  operation  estimates  at 
approximately  100”?  are  given  in  Tables  R-10  through  R-12. 
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TM  R-tO 
WtrtTrMtaMBtnm 

SUIpfi  PwfciBMan-Altamalltw  1,  4,  S,  anl  6 
CoadMaoK  Fkm  »  7M  gpm.  Air  Fk«r  m  2,000  Kta, 
Water  Taayarattua  «  00*F.  Air  Taovaiatara  -  00°  to  OS’F 


Campoaad 

Bdtaetod  Groundwater 
Faad  Concanltalton  (pad) 

TCE 

1,220 

Rcmaral  Stelpuil  eBtamt  (Caihoo 

(%)  Feed)  CoBcentraiion  (m^) 


1.1-DCE 


1,1-DCA 


1,2-DCA 


PCE 


1,1,1-TCA 


Methytene  Chloride 


Vinyl  Chloride 


cte-lf^-DCE 


Benzene 


Note:  In  aooonUnoe  with  the  wtimated  effluent  coocentntioas,  carbon  mage  for  Altemativet  1, 4,  5,  and  6  is 
estimated  at  300,000  pounds  per  year. 


TaMa  R-11 

Weal  TraataBaal  Ptent 
Stiippii  PafsmaBca-Aitenatlra  2 
CoadRIan:  Fkar  >  t,O0S  0W,  Air  Fkar  >  2,500  scfaa. 
Water  Taaparatara  «  10l*F,  Air  Tanpasatara  -  90*  to  100*F 


riliaitiiil  fiianiidaalir  Raaaovai 

Faad  CowaatrattoB  (|«^  («) 


Slnppcd  Efflaant  (Carbon 
Faad)  Concanbalton  (j^d) 


TCE 


1,1DCE 


1,1-DCA 


1,2-DCA 


PCE 


1,1,1-TCA 


Methyleae  Oilaride 


IHayl  Chiocide 


cit-12-DCB 


Note:  In  aoootdance  with  the  eatimated  effluent  cooceamtiont,  carbon  usage  for  Alternative  2  is  estimated  at 
400,000  pounds  per  year. 
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TaM*  B.12 

WcM  Tnatmtol  Pkuit 
PcifermuMc-AHanMili**  3 
Flaw  >  1^  ffiii,  Air  FImt  >  3,«W  KfkD. 
Water  Taovantan  «  1M*F,  Ate  Taaapaialuc  »  M*  la  99’F 


Campoand 

Bdneted  Graandwteu' 
Feed  C—rentenH—  (m/I) 

Rcnwval 

(») 

Striymd  ElllweBi  (Caibea 

Feed)  CoacMbaltea  (M/f) 

TCE 

82S 

99.99 

0.08 

1,1-DCE 

281 

99.99 

0.03 

1,1 -DCA 

4B 

99.97 

0.001 

1^-DCA 

2A 

4.08 

0.42 

PCE 

34 

99.99 

0.003 

1,1.1-TCA 

26 

99.99 

0.003  1 

Metliyiene  Chloride 

16 

9935 

0.10  1 

Vinyl  Chlotide 

4 

99.99 

0.00  1 

ci*-l,2-DCE 

5 

99.01 

0.05  1 

Benzene 

0.03 

99.95 

0.00  1 

Note:  In  aooonUace  with  the  eteimated  effluent  concentrations,  carbon  usage  for  Alternative  3  is  estimated  at 
610,000  pounds  per  year. 


Labor/Administratioii.  Annual  operations  labor  has  been  estimated  assuming  three 
to  four  FTEs  are  required  for  operation  of  the  GWTP.  This  basis  is  substantiated 
through  estimates  made  by  OMI,  a  subsidiary  of  CH2M  HILL,  during  a  site  visit  to 
the  mdsting  plant  in  1993.  Twenty-four  hours  per  day  operations  staffing  is  not  pro¬ 
vided.  It  is  assumed  that  McOellan  AFB  will  modify  the  operations  contract  in  the 
future  to  only  require  three  to  four  FTEs.  Operations  labor  is  therefore  equivalent  to 
the  assumptions  made  in  developing  O&M  costs  for  the  east  treatment  plant. 
Administration  costs  are  assumed  to  remain  constant. 

Poww.  Electrical  costs  have  been  estimated  from  power  consumption  of  the  pumps 
and  fans  at  the  increased  flow  rates  for  the  alternatives,  as  described  in  the  air 
stripper  performance  Tables  R-10,  R-11,  and  R-12.  A  base  electrical  cost  per  year 
has  been  estimated  from  historical  data  for  the  GWTP.  This  cost  represents  power 
requirements  for  equipment  other  than  the  pumps  or  the  air  stripper  fan,  such  as 
lights,  compressors,  and  instrumentation. 

Natural  Gas.  Natural  gas  costs  were  developed  by  comparing  estimated  heat  loads  in 
the  heat  balance  calculations  performed  in  the  capital  cost  section  against  the  existing 
case  and  future  ahematives.  The  1992  natural  gas  costs  were  then  adjusted  to  the 
costs  for  each  alternative  using  a  ratio  of  heat  required  in  the  incinerator. 

MaiuteuaiiGe  Matnials.  A  cost  was  incurred  in  1992  for  material  other  than  carbon 
at  the  existing  GWTP.  The  cost  included  piping  modifications,  painting,  and  other 
maintenance  materials.  This  cost  was  held  constant  and  applied  to  the  future  alterna¬ 
tives. 
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Analytical  Testing.  The  cost  for  analytical  testing  cost  was  held  constant  and  applied 
to  the  proposed  alternatives. 


End-Use  System 

Components  include  the  end-use  piping,  pump  stations,  discharge  structures,  reinjec¬ 
tion  wells,  chlorine  injection  system,  and  miscellaneous  appurtances  such  as  equaliza¬ 
tion  tanks,  air  valves,  drains,  and  connections  with  the  utilities.  Capital  costs  include 
all  costs  required  to  plan,  design,  obtain  the  necessary  permits  and  agreements,  and 
construct  the  facilities.  Aimual  O&M  costs  were  developed  for  the  labor,  power,  and 
materials  required  to  operate  and  maintain  the  end-use  system. 

Capital  Cost  Estimates 

As  with  the  collection  piping,  the  end-use  piping  costs  depend  upon  the  length  and 
diameter  of  pipes,  as  well  as  the  type  of  pipe.  Costs  were  calculated  using  C-900 
PVC  pipe  which  is  suitable  for  potable  water  conveyance.  Pipe  sizing  was  accom¬ 
plished  using  the  same  methodology  as  described  in  the  collection  piping  discussion. 
Table  R-13  summarizes  the  end-use  piping  components. 


Table  R-13 

Suminary  of  End-Use  System  Piping 


Diameter 

(inches) 

Utilities 

Reinjection 
(MCL  Target 
Volume  Only) 

MCL  Target 
Volume 

10**  Cancer 
Risk  Target 
Volume 

Background 
Taiget  Volume 

East 

West 

East 

West 

East 

West 

6 

0 

400 

0 

400 

0 

400 

400 

8 

- 

- 

“ 

- 

11,800 

10 

- 

8,500 

- 

- 

- 

2,700 

12 

- 

- 

- 

8,500 

- 

8400 

18,000 

Total 

1,800 

8,900 

1,800 

8,900 

1,800 

8400 

32,900 

The  emergency  discharge  structures  to  Magpie  Creek  were  assumed  to  be  similar  to 
the  odsting  discharge  structure  located  at  the  treatment  plant,  complete  with  24-inch 
corrugated  metal  pipe  and  flap  gate. 

A  chlorine  injection  system  is  also  required  at  each  treatment  plant.  Disinfection  is 
required  for  protection  of  public  health  for  those  alternatives  that  provide  water  to 
the  utilities.  Disinfection  is  also  required  to  prevent  algae  growth  and  subsequent 
plugging  of  the  welL  Because  of  this  distinction,  costs  for  the  chlorination  system  are 
included  in  the  end-use  calculations.  The  chlorination  system  is  assumed  to  be  use 
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liquid  hypochlorite  to  disinfect  TCE-laden  groundwater,  at  a  dose  of  between  0.5  and 
2.5  ppm  of  chlorine,  enabling  a  residual  of  0.5  to  1.0  ppm. 

Downstream  of  each  chlorine  injection  system  is  a  pump  station  sized  to  convey  the 
treated  water  to  either  the  reinjection  well  or  the  utilities.  A  large  clearwell  will  be 
required  to  allow  1  hour  of  contact  time  for  disinfection.  A  discharge  head  of 
approximately  20  psi  is  required  for  the  existing  greywater  system,  65  psi  for  the 
Northridge  Water  District,  52  psi  for  Rio  Linda  Water  District,  10  psi  for  ground- 
water  reinjection,  and  5  psi  for  Magpie  Creek.  Combined  motor  and  pump  efGciency 
will  be  70  percent.  Total  power  requirements  vary  from  75  hp  to  160  hp  depending 
upon  the  alternative. 

Also  included  at  each  treatment  plant  is  a  flow  equalization  tank  that  is  sized  for 
1  hour  of  storage.  Size  of  the  storage  tank  varies  between  25,000  and  100,000  gallons, 
depending  on  the  alternative.  The  tanks  are  assumed  to  be  bolted  steel  with  normal 
coatings  and  linings. 

A  reinjection  weU  is  basically  a  production  weU  in  reverse.  It  was  assumed  that  three 
wells  would  be  required  to  accommodate  any  of  the  projected  flows.  A  new  12-foot¬ 
wide  gravel  (6-inch-thick)  access  road  is  required  adjacent  to  a  portion  (700  linear 
feet)  of  the  reinjection  pipeline. 

O&M  Cost  Estimates 

O&M  costs  for  the  end-use  systems  were  developed  based  on  the  same  methodology 
and  data  previously  described  in  the  collection  piping  section.  Added  costs  include 
replenishing  the  hypochlorite  in  the  chlorine  injection  system. 


Summaiy 

Tables  R-14  through  R-19  present  the  capital  cost  summaries  for  Alternatives  1 
through  6.  Tables  R-20  through  R-25  summarize  the  O&M  costs  anticipated  during 
the  implementation  of  each  remedial  action  alternative  (conservatively  estimated  at  5 
years)  and  after  implementation  is  complete.  Costs  are  in  1994  dollars. 

Construction  costs  include  a  5  percent  field  detail  allowance  to  account  for  any 
unquantified  items.  A  20  percent  contingency  has  also  been  added  to  account  for 
imforeseeable  elements  of  cost  within  the  defined  scope  of  this  project.  This 
contingency  is  used  as  a  means  to  reduce  the  risk  of  possible  cost  overruns,  but  does 
not  change  the  confidence  limits  of  the  estimate. 

The  cost  estimates  presented  have  been  prepared  for  guidance  in  project  evaluation 
and  implementation  from  the  information  available  at  the  time  of  the  estimate.  The 
final  costs  of  this  project  will  depend  on  actual  labor  and  material  costs,  actual  site 
conditions,  productivity,  competitive  market  conditions,  final  project  scope,  final 
project  schedule,  the  firm  selected  for  final  engineering  design,  and  other  variable 
factors. 
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As  a  result,  the  final  project  costs  will  vary  from  the  estimates  presented  herein. 
Because  of  these  factors,  funding  needs  must  be  carefully  reviewed  prior  to  making 
specific  financial  decisions  or  establishing  final  budgets. 
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Table  R-22 

Alternative  1— O&M  Costs  Summary 


riEM 

QUANTTry 

UNTT 

S/UNTT 

TOTAL  ($) 

EXTRACTION  SYSTEM 

Power 

1,607.600 

KW/HRS 

0.06 

96.456 

Sampling.  Analyses  &  Interpretation 

1 

LS 

62,524 

Wellhead  Treatment  (1st  5  years) 

21 

EA 

12,000 

252.000 

Maintenance  (5%  of  Construction) 

1 

LS 

273,400 

TREATMENT  FACILITY  (Eastside  Plant) 

Labor 

1 

LS 

315.360 

Power 

1 

LS 

34.985 

Natural  Gas 

1 

LS 

47.587 

Materials 

1 

LS 

21.370 

Carbon 

1 

LS 

206.250 

Catalyst 

1 

LS 

65,015 

Sampling,  Analyses  &  Interpretation 

1 

LS 

37.560 

TREATMENT  FACILITY  (Westside  Plant) 

Labor 

1 

LS 

311.200 

Power 

1 

LS 

51.000 

Natural  Gas 

1 

LS 

58.000 

Materials 

1 

LS 

53,000 

Carbon 

1 

LS 

447.417 

Sampling.  Analyses  &  Interpretation 

1 

LS 

35.360 

CONVEYANCE  &  END  USE 

Power 

500,000 

KW/HRS 

0.06 

30,000 

Piping  System  Maintenance 

1 

LS 

13.015 

Pumping  System  Maintenance 

1 

LS 

11.250 

Chlorine  System 

1 

LS 

27,000 

ANNUAL  COST  (1st  5  years) 

ANNUAL  COST  (After  5  years) 

1,208,000 

2,198,000 

Note:  O&M  costs  for  the  first  5  years  include  wellhead  treatment  and 
the  Westside  treatment  plant  operation  under  revised  plan. 

O&M  costs  after  S  years  include  operation  of  all  facilities  but  wellhead  treatment. 

All  costs  are  in  1994  dollars. 
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Table  R-23 

Alternative  2— O&M  Costs  Summary 


ITEM 

QUANTTIY 

UNIT 

$/UNlT 

TOTAL  ($) 

EXTRACTION  SYSTEM 

Power 

1.999,698 

KW/HRS 

0.06 

119,982 

Sampling.  Analyses  &  Interpretation 

1 

LS 

70.828 

Wellhead  Treatment  (1st  5  years) 

32 

EA 

12.000 

384,000 

Maintance  (5%  of  Construction) 

1 

LS 

343,605 

TREATMENT  FACILITY  (Eastside  Plant) 

Labor 

1 

LS 

315,360 

Power 

1 

LS 

34,965 

Natural  Gas 

1 

LS 

47.587 

Materials 

1 

LS 

21,170 

Carbon 

I 

LS 

206,250 

Catalyst 

1 

LS 

65.015 

Sampling,  Analyses  &  Inteipretation 

1 

LS 

37.560 

TREATMENT  FACILITY  (Westside  Plant) 

Labor 

1 

LS 

311.200 

Power 

1 

LS 

63.000 

Natural  Gas 

1 

LS 

74,000 

Materials 

1 

LS 

53.000 

Carbon 

1 

LS 

688,686 

Sampling.  Analyses  &  Interpretation 

1 

LS 

36,360 

CONVEYANCE  &  END  USE 

Power 

787,000 

KW/HRS 

0.06 

47,220 

Piping  System  Maintenance 

1 

LS 

15,054 

Pumping  System  Maintenance 

1 

LS 

17,700 

Chlorine  System 

1 

LS 

41.000 

ANNUAL  COST  (1st  5  years) 

1,610,000 

ANNUAL  COST  (After  5  years) 

2,610.000 

Note:  O&M  costs  for  the  fust  5  years  include  wellhead  treatment  and 
the  Westside  treatment  plant  operation  under  revised  plan. 

O&M  costs  after  S  years  include  operation  of  all  facilities  but  wellhead  treatment. 

All  costs  are  in  1994  dollars. 
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Table  R-24 

Alternative  3— O&M  Costs  Summary 


TFBM 

ouANTiry 

UNTT 

S/UNIT 

TOTAL  ($) 

EXTRACTION  SYSTEM 

Power 

2,679,334 

KW/HRS 

0.06 

160,760 

Sampling,  Analyses  &  Interpretation 

1 

LS 

80,516 

Wellhead  Treatment  (1st  5  years) 

65 

EA 

12,000 

780,000 

Maintance  (5%  of  Conctruction) 

1 

LS 

499.025 

TREATMENT  FACILITY  (Eastside  Plant) 

Labor 

1 

LS 

315.360 

Power 

1 

LS 

37,219 

Natural  Gas 

1 

LS 

47.587 

Materials 

1 

LS 

31.400 

Carbon 

1 

LS 

45.885 

Catalyst 

1 

LS 

65,015 

Sampling,  Analyses  &  Interpretation 

1 

LS 

37.560 

TREATMENT  FACILITY  (Westside  Plant) 

Labor 

1 

LS 

384.000 

Power 

1 

LS 

80,500 

Natural  Gas 

1 

LS 

91,100 

Materials 

1 

LS 

53.000 

Carbon 

1 

LS 

911,040 

Sampling,  Analyses  &  Interpretation 

1 

LS 

35,360 

CONVEYANCE  &  END  USE 

Power 

1,067,0(X) 

KW/HRS 

0.06 

64,020 

Piping  Syste  Maintenance 

1 

LS 

22,081 

Pumping  System  Maintenance 

1 

LS 

24,000 

Chlorine  System 

1 

LS 

63,000 

ANNUAL  COST  (1st  5  years) 

2,335,000 

ANNUAL  COST  (After  5  years) 

3.048,000 

Note:  O&M  costs  for  the  first  5  years  include  wellhead  treatment  and 
the  Westside  treatment  plant  operation  under  revised  plan. 

O&M  costs  after  S  years  include  operation  of  all  facilities  but  wellhead  treatment. 

All  costs  are  in  1994  (tollars. 
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Table  R-25 

Alternative  4— O&M  Costs  Summary 


HEM 

CHIANTriY 

UNIT 

$/UNIT 

TOTAL  ($) 

EXTRACTION  SYSTEM 

Power 

1,607,600 

KW/HRS 

0.06 

96,456 

Sampling,  Analyses  &  Interpretation 

1 

LS 

62,524 

Wellhead  Treatment  (1st  5  years) 

21 

EA 

12,000 

252,000 

Maintance  (S%  of  Consruction) 

1 

LS 

273,400 

TREATMENT  FACILITY  (Eastside  Plant) 

Labor 

1 

LS 

315,360 

Power 

1 

LS 

29,669 

Natural  Gas 

1 

LS 

9,443 

Materials 

1 

LS 

13,770 

Carbon 

1 

LS 

281,250 

VGAC  Rental 

1 

LS 

72,080 

Sampling,  Analyses  &  Interpretation 

1 

LS 

37,550 

TREATMENT  FACILITY  (Westside  Plant) 

Labor 

1 

LS 

311,200 

Power 

1 

LS 

51.000 

Natural  Gas 

1 

LS 

58,000 

Materials 

1 

LS 

53,000 

Carbon 

1 

LS 

447,417 

Sampling,  Analyses  &  Interpretation 

1 

LS 

35,360 

CONVEYANCE  &  END  USE 

Power 

500,000 

KW/HRS 

0.06 

30,000 

Piping  System  Maintenance 

1 

LS 

13,015 

Pumping  System  Maintenance 

1 

LS 

11,250 

Chlorine  System 

1 

LS 

27,000 

ANNUAL  COST  (1st  5  years) 

1,208,000 

ANNUAL  COST  (After  5  years) 

2,229,000 

Note:  O&M  costs  for  the  first  5  years  include  wellhead  treatment  and 
the  Westside  treatment  plant  operation  under  revised  plan. 

O&M  costs  after  5  years  include  operation  of  all  facilities  but  wellhead  treatment. 

All  costs  are  in  1994  dollars. 
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Table  R-26 

Alternative  5— O&M  Costs  Summary 


riBM 

oiXANimr 

UNIT 

S/UNTT 

TOTAL  ($) 

EXTRACTION  SYSTEM 

Power 

1.607,600 

KW/HRS 

0.06 

%.456 

Sampling,  Analyses  &  Interpretation 

1 

LS 

62,524 

Wellhead  Treatment  (1st  5  years) 

21 

EA 

12,000 

252,000 

Maintance  (S%  of  Construction) 

1 

LS 

273.400 

TREATMENT  FACILITY  (Eastside  Plant) 

Labor 

1 

LS 

234.240 

Power 

1 

LS 

31.746 

Natural  Gas 

1 

LS 

47.587 

Materials 

1 

LS 

12,360 

Catalyst 

1 

LS 

55.015 

Sampling,  Analyses  &  Interpretation 

1 

LS 

37,550 

TREATMENT  FACBLITY  (Westside  Plant) 

Labor 

1 

LS 

311.200 

Power 

1 

LS 

51.000 

Natural  Gas 

1 

LS 

58,000 

Materials 

1 

LS 

53.000 

Carbon 

1 

LS 

447,417 

Sampling,  Analyses  &  Interpretation 

1 

LS 

35,360 

CONVEYANCE  &  END  USE 

Power 

500,000 

KW/HRS 

0.06 

30,000 

Piping  System  Maintenance 

1 

LS 

18,721 

Pump  System  Maintenance 

1 

LS 

11,250 

Reinjection  Wells  Maintenance 

1 

LS 

12,000 

Access  Roads  (10%  of  Construction) 

1 

LS 

ISOO 

dilorine  System 

1 

LS 

27,000 

ANNUAL  COST  (1st  5  years) 

1,208,000 

ANNUAL  COST  (After  5  years) 

1,907,000 

Note:  O&M  costs  for  the  flrst  5  years  include  wellhead  treatment  and 
the  Westside  treatment  plant  operation  under  revised  plan. 

O&M  costs  after  5  years  include  operation  of  ail  facilities  but  wellhead  treatment. 

All  costs  are  in  1994  dollars. 
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Table  R-27 

Alternative  6— O&M  Costs  Summary 


nmf 

(KJANTmr 

UNIT 

$/UNTT 

TOTAL  ($) 

EXTRACTION  SYSTEM 

Power 

1.607,600 

KW/HRS 

0.06 

96.456 

Sampling.  Analyses  &  Interpretation 

1 

LS 

62,524 

Wellhead  Treatment  (1st  5  years) 

21 

EA 

12,000 

252.000 

Maintance  (5%  of  Consruction) 

1 

LS 

273,400 

TREATMENT  FACILITY  (Eastside  Plant) 

Labor 

1 

LS 

153,120 

Power 

1 

LS 

3219 

Materials 

1 

LS 

9.010 

Carbon 

1 

LS 

1285.487 

Sampling,  Analyses  &  Interpretation 

1 

LS 

35,360 

TREATMENT  FACILITY  (Westside  Plant) 

Labor 

1 

LS 

311,200 

Power 

1 

LS 

51,000 

Natural  Gas 

1 

LS 

58.000 

Materials 

1 

LS 

53,000 

Carbon 

1 

LS 

447,417 

Sampling,  Analyses  &  Interpretation 

1 

LS 

35,360 

CONVEYANCE  &  END  USE 

Power 

500.000 

KW/HRS 

0.06 

30,000 

Piping  System  Maintenance 

1 

LS 

13,015 

Pumping  System  Maintenance 

1 

LS 

11,250 

Chlorine  System 

1 

LS 

27,000 

ANNUAL  COST  (1st  5  years) 

1208,000 

ANNUAL  COST  (After  5  years) 

2,956,000 

Note:  O&M  costs  for  die  first  5  years  include  wellhead  treatment  and 
the  Westside  treatment  plant  operation  under  revised  plan. 

O&M  after  S  years  include  operation  of  all  facilities  but  wellhead  treatment. 

All  costs  are  in  1994  dollars. 
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